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“Farming is not just about the food we produce but also the 
landscape and environment we manage every day.” 







“Can a growing human population still leave space for wildlife?” 





Vegetative strips in farmland field margins are a proven source of support for ecosystem 
services and are globally used to mitigate the effects of agricultural intensification. 
However, the increasing pressures on agricultural land command an increase in their 
functionality, to support multiple ecosystem services concurrently. 
The plant species sown in a vegetative strip seed mix determine the establishment, 
resulting plant community and ecosystem services supported. With no defined or 
structured method of vegetative strip design currently available, systematically collated 
evidence on plant traits was used to develop such a method in Chapters 2 and 3. In 
Chapter 4 the developed method is shown to potentially improve the likelihood of 
establishment and persistence of sown species in the designed multifunctional and single-
focus vegetative strips, but significant effects of soil type were identified. Chapters 5-7 
demonstrate the benefits and drawbacks of multifunctional compared with single-focus 
strips, in support of ecosystem services. The multifunctional strip with an in increased 
proportion of forb species (from 20% to 50%) provided the highest and most diverse floral 
support for pollinators and aerial natural enemies, and vegetative diversity for surface 
active natural enemies. This strip also provided comparable support for protection against 
watercourse sedimentation, to the other vegetative strips, but may have decreased 
support for protection against run-off and pesticide spray-drift.  
The exponentially increasing global human population continues to place more pressures 
on agricultural production and wildlife habitats. With regulating ecosystem services playing 
such an important role in agricultural production, a balance between support for 
agriculture and wildlife must be struck, otherwise we could continue to see huge losses in 
both. Increasing the functionality of vegetative strips in farmland field margins could 
support improved crop yield, protect water quality and provide support for biodiversity at 
the same time. The method of vegetative strip design developed in this project is an 
important step towards evidence-informed plant species selection, and it has been proven 
to produce vegetative strips that can establish and provide support for their target 
ecosystem services within the first three years. Further research is proposed that could 
strengthen the developed method of vegetative strip design and further support the 
findings from this article. With this research, these multifunctional strips have the potential 
to be part of the solution to alleviate the mounting pressures on agriculture and wildlife 
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Chapter 1. A review of the functionality and design of 
farmland vegetative strips for the support of pollination, 
bio-control and water quality protection 
1-1 Introduction 
Farming agricultural land effectively for food production is vital to support a globally 
expanding human population (Godfray et al., 2010; UN Population Division, 2018). A 
review by Robinson and Sutherland (2002) showed that, since 1945, there has been a 
65% decline in farm numbers, whilst crop yield has almost quadrupled, and 50% of 
hedgerows have been removed. Crop rotations have become more intensive, with crops 
frequently sown in autumn and less land left to winter stubbles. In addition, the number 
and extent of pesticide and fertiliser applications has greatly increased since 1945, and 
despite recent reductions in pesticide use, there is evidence demonstrating the 
persistence of pesticides in the environment (Cuevas et al., 2018). In particular, 
organochlorine pesticides are known to be pervasive within water systems and have high 
persistence in the environment (Chang, 2018). The changes in agricultural activities, 
whilst increasing agricultural production, have also had substantial environmental effects 
within farmland and agricultural intensification has been linked with declines in floral 
resources (Baude et al., 2016) and pollinators (Winfree et al., 2009; Brittain et al., 2010; 
Le Féon et al., 2010; De Palma et al., 2017), which have been shown to be a key 
component of global biodiversity (Potts et al., 2010), natural enemies of crop pests (Rand 
and Tscharntke, 2007; Batáry et al, 2012; Rusch et al., 2016) and increased water 
pollution (Davies, 2000; Gevao et al., 2000; Dabrowski et al., 2002; Thorburn et al., 2003; 
Almasri and Kaluarachchi, 2004).  
Ecosystem services are benefits that humans gain from the natural environment which 
can be cultural (e.g. recreational/educational), provisioning (e.g. food provision through 
crop production) or regulating (e.g. climate regulation) (Watson et al., 2011; Albon et al., 
2014). Achieving efficient agricultural production requires regulating ecosystem services, 
including pollination and biological control (bio-control), which can increase crop yields 
and reduce crop damage (Aizen et al., 2009; Zavaleta et al., 2010; Blitzer et al., 2016). 
Therefore, when declines in pollinator abundance and diversity in addition to the plants 
that support them are observed, pollination deficits in crops such as oil-seed rape, 
watermelon and apple, can be inevitable (Kremen et al., 2002; Carvell, 2004; Biesmeijer 
et al., 2006; Brown and Paxton 2009; Williams and Osborne 2009; Winfree et al., 2009; 
Garratt et al., 2013; Stanley et al., 2013). When support for ecosystem services are 
removed and once heterogeneous landscapes are simplified, a lower level of pest control 
by insect natural enemies has also been observed (Rusch et al., 2016). In addition, 
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intensified agricultural practices have led to pesticides, together with nitrates, phosphates 
and sediment, polluting farmland water quality through run-off, erosion and leaching to 
ground water (Davies, 2000; Gevao et al., 2000; Dabrowski et al., 2002). 
These issues have led governmental and advisory bodies across the globe to introduce 
more sustainable farming options, to support ecosystem services and protect wildlife, 
whilst meeting food production requirements (Wentworth, 2008; Firbank et al., 2013). For 
example, in Europe the Common Agricultural Policy provides payments to farmers for 
taking environmental measures to sustainably manage natural resources (European 
Commission, 2019). In the UK agri-environmental schemes encourage the widely-used 
sown vegetative strip in farmland field margins, which has provided valuable support for 
water quality protection, pollination and bio-control individually (Pfiffner and Wyss, 2004; 
Pywell et al., 2006; Reichenberger et al., 2007; Lye et al., 2009; Haaland et al., 2011). 
However, increasing land restrictions and food production requirements, command an 
increase in vegetative strip functionality. In addition, there is scope to improve their 
efficacy (Kleijn et al., 2006; Reichenberger et al., 2007; Batáry et al., 2015; Wood et al., 
2015a). Currently, there is no prescribed or evidence-informed method of plant species 
selection for vegetative strips, though some advice is available (Farming Advice Service, 
2018).  
The present review aims to evaluate the efficacy of support that vegetative strips provide 
for pollination, bio-control and water quality protection. It also explores current methods of 
plant species selection for these strips, and the potential for their functionality to be 
increased in the face of increasing pressures on agriculture and wildlife. 
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1-2 Support for ecosystem services in farmland vegetative strips  
1-2.1 Farmland field margins and their vegetative strips 
A systematic map on the multifunctional role of vegetative strips, undertaken by 
Haddaway et al. (2018), identified several terms used to describe them, with the most 
common including ‘field margin’, ‘hedgerow’, ‘shelterbelt’, ‘riparian buffer’, and ‘buffer 
strip’. The reason for this variation being that vegetative strips can come in various 
different forms and are positioned throughout the agricultural landscape, see Figure 1-1. 
The present review focuses on vegetative strips sown within farmland field margins. Field 
margins exist in the agricultural landscape at the edges of fields and have three main 
components. These include the boundary of the field, any present vegetative strip and the 
crop edge (Hackett & Lawrence 2014). A boundary is essentially the barrier between two 
plots of land, whether this is two fields or two different types of land use. It is usually a 
wall, hedge or fence, but can also be a waterbody such as a ditch or stream. This is 
illustrated in Figure 1-1. The crop edge is the few outer metres of the crop and it can also 
be a part of a vegetative strip aimed at conservation such as a conservation headland. A 
vegetative strip is usually sown between the boundary and the crop edge of a field margin. 
They are designed to achieve conservation, agronomic and recreational objectives which 
principally influence what plant species are sown within the strip. They are often sown with 
grasses, wildflowers or cover crops for farmland birds, whilst others are left to natural 
regeneration (Marshall and Moonen, 2002; Haaland et al. 2011).  
Figure 1-1 Illustration of the different vegetated strips used within and around fields in 
farmland. Types include: in-field strips such as beetle banks, hedgerows, forested 
shelterbelts, shrubs, grassy strips, and wildflower margins (Haddaway et al., 2018). 
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Vegetative strips can be vital for a functioning farmland ecosystem because they provide 
areas of habitat with a higher botanical diversity compared to the crop (Olson and 
Wackers, 2007). To achieve this there are two main types of vegetative strip that are 
regularly established within field margins, namely wildflower or grassy strips. Both usually 
target insect conservation. Wildflower strips are designed to provide pollen and nectar 
resources for pollinators and aerial natural enemies (Haaland et al., 2011, Ramsden et al., 
2013). Grassy strips can be installed in-field as beetle banks to support some surface-
active natural enemies (Game and Wildlife Conservation Trust, 2018) and some are 
installed as buffers in field margins where the boundary is a watercourse and they aim to 
protect the water quality within it from pollution (Davies, 1999). Also, the instalment of 
these strips to protect watercourses from spray-drift and other diffuse pollution is 
compulsory under the Common Agricultural Policy in the European Union (DEFRA, 2014). 
Finally, cover crops are often established on farmland to provide shelter and food sources 
to support declining farmland bird populations (Vickery et al., 2004). In particular, Grey 
partridge (Perdix perdix) populations have been positively affected by cover crops, and 
beetle banks (Ewald et al., 2010). 
A review of wildflower strips for insect conservation by Haaland et al. (2011) has stated 
that within farmland, wildflower strips are known to support higher insect abundances and 
diversity than the crop section of a field, through the provision of pollen and nectar 
resources. An example of this is a study by Pywell et al. (2006) where 43 ± 14 
bumblebees per 100m were found in wildflower strips and only 0.2 ± 01 were found in the 
cereal crop, where there are no pollen or nectar resources. A wildflower strip is usually 
sown with a mix of grass and wildflower seeds which significantly enhances the resulting 
botanical diversity and density of pollen and nectar sources, when compared with a 
standard grass seed mix (Critchley et al., 2006).  
These seed mixes are often targeted at groups of invertebrates that are in need of 
conservation and/or that provide an important ecosystem service (Aizen et al., 2009; Lye 
et al., 2009). The plant species included within the seed mixes should change to meet the 
needs of the group of species being supported (Carreck and Williams, 1997; Carreck and 
Williams, 2002). Commonly used seed mixes include pollen and nectar rich mixes and 
grass seed mixes. Pollen and nectar mixes tend to include many forb species to benefit 
pollinators such as bees. Grass mixes include tussock grasses to provide in-field shelter 
for natural enemies or a buffer between pollution and a watercourse in a field margin. 
1-2.1.1 Support for pollinators 
Pollinators are the main targets of wildflower strips because of their economic value to the 
farmer (Losey and Vaughan, 2006; Cunningham and Le Feuvre, 2013; Stanley et al., 
2013; Garratt et al., 2014; Bauer and Sue Wing, 2016). Recent declines in pollinator 
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populations due to the intensification of agricultural practices have only further increased 
the need to provide support for these invertebrates within the farming landscape (Aizen et 
al., 2009; Carvell et al., 2004; Williams and Osborne, 2009; Potts et al., 2010; Holzschuh 
et al., 2012; Garratt et al., 2013; Martins et al., 2015). 
A review by Potts et al. (2010) has highlighted the declines in pollinators and the plants 
that rely upon them. According to the UK plant atlas there have been larger declines in 
animal pollinated plants, with a mean relative change of 0.22 ± 0.06, than in wind-
pollinated (+0.18 ± 0.14) or self-pollinated plants (0.003 ± 0.70) (Biesmeijer et al., 2006). 
Potential drivers of these declines include habitat loss and fragmentation, agrochemicals, 
pathogens, alien species, climate change and the interaction between them.  
Brown & Paxton (2009) have highlighted habitat loss as one of the most important drivers 
of decline. Furthermore, Winfree et al. (2009) performed a meta-analysis of bees’ 
responses to anthropogenic disturbance and they found that habitat loss was the most 
significant contributor to declines when compared with other forms of disturbance. This 
habitat loss has been further stimulated by the intensification of agriculture (Carvell et al., 
2004; Williams and Osborne, 2009). As pollinators play an important role in the pollination 
of some crops (Aizen et al., 2009), for example bumblebees and honeybees have been 
found to be the best pollinators of oilseed rape (Brassica napus; Brassicales: Brassiceae) 
(Stanley et al., 2013), the restoration of supportive habitat for pollinators within farmland is 
essential (Lye et al., 2009). 
Martins et al. (2015) showed that increased proximity to natural and semi-natural habitats 
can increase bee functional diversity. The introduction of wildflower vegetative strips into 
field margins can help restore some of the semi-natural habitat lost to intensification and 
help support pollinator populations within farmland. For example, Marshall et al. (2006) 
showed that a 6m wide wildflower vegetative strip within a field margin will have a 
significantly higher abundance of bees than in the centre of the crop in that same field. 
Also, in Scotland, Feltham et al. (2015) found that when a wildflower strip was sown 
adjacent to commercial strawberry crops, frequency of pollinator visits to the crop was 
25% higher than those without. 
These strips have been shown to have high bumblebee abundance by numerous studies 
i.e. Carvell et al. (2004), Pywell (2006) and Wood et al. (2015b) and the inclusion of 
herbaceous flowering plants (forbs) in seed mixtures for these strips is known to increase 
species richness and abundance of pollinators, whilst increasing the persistence of the 
vegetative strip long-term (Critchley et al., 2006; Woodcock et al., 2014).  
A key concern in the development of wildflower strips is that the individual plant species 
that are included in the seed mixes for these wildflower strips are not always suitable for 
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all pollinator species groups. For example, Wood et al. (2015b) showed that bumblebees 
and honeybees did indeed benefit from sown wildflower species, however, the majority of 
bee species had a preference for plants that are not included in the typical wildflower seed 
mix such as Heracleum spondylium, Hypochaeris radicata and Tripleurospermum 
inodorum. Carreck and Williams (1997 & 2002) also compared the effect of different seed 
mixes on pollinator diversity, including bees, bumblebees, butterflies and hoverflies. 
Carreck and Williams (2002) tested a seed mix that included Phacelia tanacetifolia, 
Borago officinalis, Fagopyrum esculentum, Centaurea cyanus, Malva sylvestris and 
Calendula officinalis. They found that different insect groups showed a preference for 
specific plant species for example P. tanacetifolia and B. officinalis attracted the highest 
numbers of bees and bumblebees while some hoverfly species were observed only on C. 
officinalis. 
Plant species such as Borago officinalis and Phacelia tanacetifolia, whilst beneficial to 
numerous bee species, are likely to only be successful in vegetative strips for up to two 
years as they are annuals (Critchley et al., 2006). Therefore, these strips would require 
frequent re-sowing to ensure the benefits to pollinators are maintained. Carvell et al. 
(2004) assessed the value to bumblebees of wildflower strips sown with perennial and 
annual seed mixes. Perennial mixtures where Trifolium pratense was dominant were 
preferred by long-tongued bumblebee species, whilst the B. officinalis in the annual mix 
was preferred by honeybees (Apis mellifera) and short-tongued bumblebees.  
In summary, wildflower vegetative strips are beneficial to various pollinator species, with 
the most evidence found on benefits to bumblebees. However, the plant species sown 
within these strips must be considered carefully so that the target species are provided for 
and that the support provided by the strip persists. 
1-2.1.2 Support for natural enemies of insect crop pests 
The main groups of invertebrates that predate upon insect crops pests include Coleoptera 
of the families Carabidae, Staphylinidae, Cantharidae and Coccinellidae; Hemiptera of the 
families Anthocoridae, Nabidae and Reduviidae; Diptera of the families Asilidae, 
Dolichopodidae, Empididae, Hybotidae, Scathophagidae, Cecidomyiidae and Syrphidae; 
Neuroptera of the families Chrysopidae and Hemerobiidae; Hymenoptera of the families 
Apocrita-Aculeata and Apocrita-Parasitica; Arachnida of the families Linyphiidae, 
Lycosidae and Phytoseiidae; and Chilopoda (Boys, 2016). The loss of non-crop habitat 
such as hedges and remnants of native forests, has in-turn decreased biodiversity of 
invertebrates in the agricultural landscape (Fournier and Loreau, 2001). Of these 
invertebrates that have experienced declines, some of the above natural enemy groups, 
which are important in ecosystem function, have been affected (Rand and Tscharntke, 
2007; Batáry et al., 2012; Myrick et al., 2014; Daniels et al., 2017). Simplified agricultural 
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landscapes, have been shown to have a 46% lower level of pest control by insect natural 
enemies of crop pests (Rusch et al., 2016). However, when targeting the control of a 
specific crop pest, not all predator species are effective and in some cases a variety of 
different natural enemies is required (e.g. Gontijo et al., 2015; Dib et al., 2016; Lefebvre et 
al., 2017; Bannerman et al., 2018; Yang et al., 2018). 
The re-introduction of wildflower strips into field margins can provide essential resources 
for natural enemies such as shelter, overwintering sites, alternate hosts or prey and pollen 
and nectar (Gurr et al., 2010). Studies have shown increased numbers and diversities of 
natural enemies in sown wildflower strips than in the crop (e.g. Pfiffner and Wyss, 2004). 
Ramsden et al. (2013) investigated the key resources for aphidophagous hoverflies due to 
their importance in pest control in agro-ecosystems. They found that established winter 
habitat that combined grasses and floral resources helped promote adult syrphinae 
numbers. Meyer et al. (2009) showed that hoverfly species richness was affected by 
factors related to heterogeneity in resources such as species richness of flowering plants, 
the total area of grassland habitat and the landscape diversity. Hoverfly density was found 
to be affected by resource quantity including the amount of pollen and nectar resources 
available for adults and microhabitats for larvae. These studies conclude that when 
designing a wildflower strip for hoverflies, the habitat requirements of both the adult and 
larvae should be considered. 
A study aimed at evaluating agri-environment measures in arable landscapes in 
Switzerland by Aviron et al. (2006) found that wildflower strips had more arthropod 
species than conventional grassland or wheat fields. In particular, percentage vegetative 
cover of the wildflower strip had a positive influence on carabid assemblages only. The 
efficiency of the strip can also be affected by the surrounding landscape such as the 
presence of conventional grasslands or crop fields. Also, just as with pollinator groups, 
each natural enemy species group has different requirements of a wildflower strip. This 
was also highlighted by Woodcock et al. (2008) where they monitored field margins sown 
with three different seed mixtures including tussock grasses and forbs, fine grasses and 
forbs or just grasses. They found that in seed mixtures where tussock grasses were 
included, overall density of predatory beetles was greatest, whereas mixtures including 
forbs had greatest densities of phytophagous beetles. Seed mixture was the most 
important factor when explaining beetle assemblages. 
A review undertaken by Jonsson et al. (2008) confirms that wildflower strips and other 
methods of conservation biological control can attract and sometimes improve the fitness 
of natural enemies. However, it does highlight that there are few studies that show this 
increase in natural enemies in the field margin translating into decreased pest damage to 
crops. Büchi (2002) studied 26 oilseed rape fields in Switzerland with adjacent wildflower 
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strips or extensively managed meadows and the mortality factors of pollen beetles within 
them. Though overall mortality was high at 66-96%, parasitism only caused 1-2% and 
predation only 16-27% of this.  
In Denmark, Mansion-Vaquié et al. (2017) studied the effect of vegetative strip type (grass 
or wildflower), at the edge of winter wheat fields (Triticum aestivum), on the natural enemy 
guild composition and predation rates. They found that specialist natural enemy species, 
mostly parasitic wasps, were attracted to the wildflower strips, but generalists, including 
ground and rove beetles and spiders, were more active in the grass strips. Also, predation 
rates of the artificial caterpillars were higher in the grass strips at 48.9% than the 
wildflower strips at 30.7%. However, no difference in predation of the aphid sentinel 
species was observed between the strips. These results suggest that both grasses and 
wildflowers may be needed to support natural enemy populations, but again, their efficacy 
on predation of crop pests may be limited.  
Therefore, whilst the benefits of wildflower and grass strips to natural enemies are clear 
and highly important in conservation and pest control, further research is needed if we are 
to quantify the total effect of increased natural enemies on the control of crop pests. 
1-2.1.3 Vegetative strips as buffers 
The increasing food production requirements of a growing human population has placed 
mounting pressures on agricultural production. To meet these requirements, the 
landscape has undergone large structural changes and there has been a rise in the use of 
agrochemicals increasing environmental pollution (Green et al., 1990; Dabrowski et al., 
2002; Davies, 2000; Gevao et al., 2000; Dabrowski et al., 2002; Thorburn et al., 2003; 
Almasri and Kaluarachchi, 2004), with much of this pollution persisting in the environment 
today (e.g. Cuevas et al., 2018). Buffer strips are vegetative strips that are sown in field 
margins in-between the boundary and the crop when the boundary is a watercourse 
(Marshall and Moonen, 2002) and their main function is to reduce diffuse pollution. The 
main components of this pollution include nitrogen or phosphorus which enters the water 
through erosion when bound to sediment and through surface runoff (Carpenter et al., 
1998). Buffer strips have been proven to be a valuable barrier to pollution, but their 
efficacy can vary (Muscutt et al., 1993; Davies, 1999; Dorioz et al., 2006; Reichenberger 
et al., 2007; Lazzaro et al., 2008; Borin et al., 2010; Campo-Bescós et al., 2015). 
Reichenberger et al. (2007) carried out a review of 180 publications that related to the 
mitigation of pesticide pollution into watercourses. They highlighted that grass vegetative 
buffer strips have proven to be a valuable barrier to pollution in farmland, however their 
effectiveness is variable. Though Reichenberger et al. (2007) state that this variability 
can’t be completely explained by buffer width, Mayer et al. (2007) have shown that when 
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managing nitrogen leakage into farmland watercourses, buffer width is an important 
component. Also, Vought et al. (1995) showed that a buffer strip with a width of 10 metres 
can reduce leakage of phosphorus bound to sediment up to 95%. Therefore, the width of 
a buffer strip is important, but other factors such as vegetation type of the buffer must be 
assessed. 
Muscutt et al. (1993) found several studies which reported buffer strips to have a positive 
effect in reducing sediment loads of phosphorus in surface runoff and the content of 
nitrate in diffuse subsurface flow. The reduction of phosphorus transportation to surface 
waters by buffer strips has also been identified by Davies (1999) and Dorioz et al. (2006). 
Borin et al. (2010) conducted a study between 1998 and 2002 on a 6m wide buffer strip 
which consisted of two alternating rows of trees and shrubs and compared it with a control 
site with no buffer strip. They found that, when compared to the control, this buffer strip 
reduced total runoff by 33%, total losses of nitrogen by 44% and total losses of 
phosphorus by 50%.   
The composition of a buffer strip can be variable. Mayer et al. (2007) carried out a meta-
analysis on different types of buffer including forest, forested wetland, wetland, 
herbaceous and an herbaceous/forest mix. Results showed that buffer vegetation type did 
not affect the efficiency of nitrogen removal overall. Therefore, there may be potential to 
introduce different plant species to a buffer that could increase the functionality of this 
vegetative strip. 
1-2.1.4 Multifunctional vegetative strips 
Hackett & Lawrence (2014) and Stutter et al. (2012) have highlighted the need for 
vegetative strips to provide support for multiple ecosystem services, such as water quality 
protection and pollinator and natural enemy support. This is due to the likelihood that 
future land availability will be restricted as food production requirements and other land 
use pressures increase (Robinson and Sutherland, 2002). 
As highlighted in the previous sections, there are numerous vegetative strips that have a 
singular focus, whether it be to support pollinators (Marshall et al. 2006), natural enemies 
(Aviron et al., 2006) or to provide water quality protection (Borin et al., 2010). A study 
conducted by Critchley et al. (2013) begun to investigate the potential value of buffer 
strips for biodiversity as well as water quality protection. They studied taxa in 90 sites 
across three demonstration test catchments in England and compared grass margins, 
explicitly managed for biodiversity, to buffer strips. They found buffer strips to have high 
structural diversity and bumblebee food plant richness, but an overall lower botanical 
value, lower diversity of food plants for farmland birds and butterfly larvae and a lower 
diversity of perennial forbs important for invertebrates. They also found that establishing a 
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buffer strip with a species-rich seed mix or leaving it to naturally regenerate was superior 
to those sown with a simple grass seed mix. 
As already shown, Woodcock et al. (2008) found that tussock grasses improved density of 
predatory beetles, and mixtures including forbs increased densities of phytophagous 
beetles. Also, Mansion-Vaquié et al. (2017) demonstrated that both grasses and forbs 
were required to provide support for both specialist and generalist natural enemies. 
Furthermore, Campbell et al. (2017) studied the effects of wildflower strips designed to 
support natural enemies and pollinators for pest control and pollination services in apple 
orchards. They compared wildflower strips targeting just pollinators or natural enemies to 
a multi-functional mix. They found that the multifunctional mix attracted both natural 
enemies and pollinators in similar abundances to the targeted mixes and all of the 
wildflower strips improved pest predation rates. 
Considering this, it is likely that, because many buffer strips already include tussocky 
grasses (Reichenberger et al., 2007), there is potential for a mix to be developed that 
includes both grasses and wildflowers that would be beneficial to natural enemies and 
pollinators and provide water quality protection. In fact, the introduction of favourable plant 
species for pollinators such as Trifolium pratense into grass buffer strips has been shown 
to increase bumblebee species support (Carvell, 2002).  
It has been highlighted by Wood et al. (2015b) and Ramsden et al. (2013) that plant 
species can directly influence abundance and diversity of individual insect groups or 
species. So, to create a more multifunctional vegetative strip, careful consideration should 
be given to the plant species included in the sown seed mix to ensure the targeted 
ecosystem services are supported. 
1-3 Plant species selection methods for vegetative strips 
Current policy does not stipulate the method by which plant species should be selected for 
vegetative strip seed mixes. Some seed mix options and advice are provided by charities, 
seed companies and other organisations (e.g. Syngenta, 2014; Buglife, 2018; Kings 
Seeds, 2018; Emorsgate Seeds, 2018), typically devised through experience in the field 
and general observation (Nowakowski and Pywell 2016). Whilst these methods could 
have produced suitable seed mixes, they are neither structured, transparent or, most 
importantly, repeatable and so cannot be applied in different environmental conditions or 
adapted to suit the specific aims of the strip. For example, these methods could not be 
easily adapted to develop a vegetative strip to support multiple ecosystem services. Some 
attempts at integrating support for different ecosystem services have been made (e.g. 
Biddinger and Rajotte, 2015), but the potential to provide water quality protection and 
support for pollinators and natural enemies in one vegetative strip, has been little 
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explored. The most important consideration when developing vegetative strips is the 
specific plant species that are selected for inclusion as they will determine the plant 
community that establishes and therefore the support provided for ecosystem services. In 
particular, a plant species’ morphological traits determine the support it may provide for 
ecosystem services (Kattge et al., 2011). For example, Bianchi and Wackers (2008) 
showed that more parasitoids were attracted to plants with a higher nectar content, Kudo 
et al. (2007) showed that a larger floral display size was preferred by Bombus hypocrita 
supsp. Sapproensis and Burylo et al. (2014) showed that a plant’s leaf area positively 
correlated with its ability to trap sediment. 
In general farming practice, evidence-informed decision support tools are already being 
used (e.g. Centre for Ecology & Hydrology, 2018), but so far, none exist for selecting plant 
species for vegetative strips. Evidence on plant traits and how they may support 
ecosystem services could inform a method of plant species selection that emulates the 
qualities of these general practice decision support tools. 
1-4 Summary  
The present review highlights three key points. Firstly, vegetative strips are a proven 
source of support for ecosystem services within the farmed landscape, but their efficacy 
can be varied. Secondly, continued pressures on agricultural practices command an 
increase in vegetative strip functionality. Finally, there is a need for an evidence-informed, 
structured and repeatable plant species selection method for vegetative strips. This thesis 
therefore aims to develop a method of vegetative strip design and use this to produce, 
and test the support provided by, multifunctional and single-focus vegetative strips.  
1-4.1. Objectives of the study 
1. Develop a structured, evidence-informed method of multifunctional vegetative strip 
design, using plant traits, which can be applied across temperate climate zones. 
Particularly targeting support for ecosystem services including pollination, 
biological control of insect crop pests (bio-control) and water quality protection. 
2. Using vegetative strip seed mixes designed through the evidence-informed 
method and existing farmland buffer strips, investigate the establishment and 
persistence of different vegetative strip types under differing environmental 
conditions. 
3. Compare and contrast support for pollinators (for pollination), natural enemies of 
insect crop pests (for bio-control) and water quality protection provided by 
multifunctional vegetative strips to single-focus strips. 
4. Provide advice and recommendations to land managers, advisors and policy 
makers on increasing the functionality of vegetative strips. 
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Chapter 2. Part 1 - What specific plant traits support 
ecosystem services such as pollination, bio-control and 
water quality protection in temperate climates? A 




Agricultural intensification has increased diffuse source pollution within water catchments, 
reduced heterogeneity within the landscape and caused major declines in farmland 
wildlife, including birds, mammals, invertebrates and wildflowers.  This increase in 
pollution and wildlife decline, has affected three vital ecosystem services, pollination, 
biological pest control and water quality protection. The morphological traits of plant 
species, such as floral display size and leaf area, provide support to these services and 
vegetative strips can be established with plants that have these desirable traits. 
Vegetative strips are widely used across Europe and integrated into government 
environmental schemes such as The Common Agricultural Policy (CAP) and The Water 
Framework Directive.  However, issues of land availability and food security require a 
sustainable intensification of current agricultural practices. One component of this process 
is to sow vegetative strips that are designed to support multiple ecosystem services. To 
do this, combinations of plant species that will support specific ecosystem services, have 
been designed. However, to enable a fully-informed design process, evidence must be 
collated on which specific plant traits provide the support to the target ecosystem services. 
We propose to systematically map all evidence on which specific plant traits provide 
support for three of the most vital ecosystem services, pollination, bio-control and water 
quality protection. 
Information from this map could inform future decisions on which plant species are 
suitable for inclusion within a multifunctional vegetative strip that aims to provide the target 
ecosystem services. 
The aim of this systematic map is to create a searchable database of studies that 
demonstrate evidence of plant traits and how they support the named ecosystem 
services. 
Methods 
Seven bibliographic databases, 25 organisational websites and 2 search engines, will be 
systematically searched with predefined and tested key search terms.  All searches will be 
undertaken in English and only those undertaken in a temperate climate zone will be 
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considered. Studies found will be screened at title, abstract and full text levels, recording 
the number of excluded articles. Following full text assessment, the meta-data of included 
studies will be incorporated into a systematic map database in Microsoft Access. A report 
will summarise the evidence, highlight any knowledge gaps, and provide 






















Published in: Blowers, C.J., Cunningham, H.M., Wilcox, A., Randall, N.P., 2017. What 
specific plant traits provide ecosystem services such as pollinator support, bio-control and 
water quality protection? A systematic map protocol. Environmental Evidence. 6, 3. 
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2-1.1 Background  
Around the globe, farming practices have intensified over the past 60 years, with an 
increase in the application of pesticides and fertilisers and the removal of off-crop habitat 
such as hedgerows and vegetative strips (Robinson and Sutherland, 2002; Ehrlich and 
Ehrlich, 2013). This has increased diffuse pollution within entire water catchments, 
reduced heterogeneity within the landscape and caused major declines in farmland 
wildlife, including birds, mammals, invertebrates and wildflowers (Flowerdew, 1997; 
Sotherton and Self, 2000; Donald et al., 2001; Benton et al., 2003). This increase in 
pollution and decline in wildlife, directly affects the services that a farmland ecosystem 
provides to the land-owner. For example, in 2007, 35% of global agricultural crops were 
animal-pollinated (Klein et al., 2007), but declines in wild pollinator numbers and their 
associated plants (Biesmeijer et al., 2006), have led to pollination deficits (Kevan and 
Phillips, 2001; Kremen et al., 2002; Garratt et al., 2014).  In contrast, widespread use of 
pesticides has led to increased resistance in over 500 species of crop pests (Green et al., 
1990) and this number is still rising (Sparks and Nauen, 2015). A recent review by Bass et 
al. (2015), collated evidence on the global rise in insect resistance to the widely used 
neonicotinoid insecticides.  Within this review, using data extracted from Michigan 
University’s Arthropod Pesticide Resistance database (Michigan State university, 2016), 
resistance was shown to be already present in over twenty insect pest species including 
some significant crop pests such as Bemisia tabaci, Myzus persicae, Aphis gossypii and 
Nilaparvata lugens. This combined with recent calls for sustainable intensification (Garnett 
and Godfray, 2012), drives the need to control pests using other means, such as 
predation by their natural enemies (biological pest control) (Fiedler et al., 2008). However, 
supportive habitat that provides shelter, overwintering sites, alternate hosts or prey and 
pollen and nectar (Gurr et al., 2010), has been widely removed (Rusch et al., 2016).  
These off-crop habitats within agricultural land offer other benefits too. Riparian buffer 
strips, for example, provide a valuable barrier to pollution, protecting water quality 
(Reichenberger et al., 2007). Without them, pollutants such as pesticides, nitrates and 
phosphates start to increase water toxicity and cause eutrophication (Kuicila and Foe, 
1995; Gevao et al., 2000; Thorburn et al., 2003).  
The services that an ecosystem provides are numerous, but the three outlined above, 
(pollination, biological pest control (bio-control) and water quality protection) are some of 
the most vital when making agriculture more environmentally sustainable (Bommarco et 
al., 2013). The morphological traits of different plant species which effect ecosystem 
function, or effect traits as defined by Lavorel and Garnier (2002), can provide support to 
these services (Kattge et al., 2011). For example, Kudo et al. (2007) found that Bombus 
hypocrita subsp. Sapproensis, were more attracted to a larger floral display size, Bianchi 
27 
 
and Wackers (2008) found that a plant with a higher nectar content attracted more 
parasitoids, and Burylo et al. (2014) found that a plant’s ability to trap sediment was 
positively correlated with leaf area. An illustration of how plant traits may support these 

























Off crop habitats, such as vegetative strips, can be established with plant species that 
have desirable traits, to try and return support for these vital ecosystem services (Hackett 
and Lawrence, 2014), and support may even be made available through legislation and 
incentives.  In Europe, for example, specified habitats, plants and animals are protected 
through the Habitats Directive (European commission, 2016a), and water quality through 
the Water Framework Directive and the Nitrates Directive. The latter specifically 
addresses water pollution by leaching of nitrates from agriculture into farmland 
watercourses (European commission, 2016b). Also, funding for the preservation of habitat 
Figure 2-1 A conceptual model of the potential for non-crop plants and their traits to provide 
support for ecosystem services within agricultural systems. Three specific ecosystem 
services are presented including, pollination, bio-control and water quality protection. 
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biodiversity, water quantity and quality and the protection of soil from erosion is provided 
via the Common Agricultural Policy (CAP) (European commission, 2016c,d,e,f). 
Though these policies are effective, future availability of land is likely to be restricted due 
to food production requirements, which have increased with consumption growth, and 
issues of food security such as, competition for land, climate change and other land use 
pressures, caused by the continued exponential increase of the human population 
(Godfray et al., 2010; United Nations, 2015). This has created a need to sustainably 
intensify agriculture, which involves increasing food production from existing agricultural 
land whilst minimising pressure on the environment (Garnett and Godfray, 2012).  
In order to support this sustainable intensification, it may be necessary to increase the 
ecosystem service value of off-crop habitats by designing vegetative strips that aim to 
support multiple ecosystem services (Stutter et al., 2012; Hackett and Lawrence, 2015) 
rather than prioritising one over the others. Combinations of plant species to support 
specific ecosystem services, are already utilised in parts of Europe (e.g. Syngenta, 2014; 
Ecostac, 2016). However, to enable the maximum functionality of measures such as 
vegetative strips, it may be valuable to consider which specific plant traits provide support 
to the target ecosystem services. Therefore, we propose to systematically map all 
evidence on specific plant traits that provide support for three of the most vital ecosystem 
services, pollination, bio-control and water quality protection. 
2-1.1.1 Objective of the systematic map 
This systematic map will collate existing research on plant traits and how they may 
support pollinators, natural enemies and water quality protection.  It will focus on studies 
undertaken in temperate climate zones, applied to any type of habitat.  The study will 
focus on specific plant traits that provide support for the target ecosystem services. Whole 
plant community traits will not be included in this map. The outputs will consist of a 
searchable database for all the named ecosystem services and a report summarising the 
nature and character of the evidence.  
Primary question  
Which plant traits provide the following ecosystem services, within temperate climates: 
Pollinator support 
Crop pest natural enemy support 
Water quality protection 




Water quality, pollinator species and natural enemies of insect crop pests, within 
temperate climates.  A temperate zone has a temperature range of -3ºC to +18ºC, shown 
as ‘C’ in the Köppen-Geiger world map on climate classification Kottek et al. (2006). 
Exposure: 
Specific plant traits, for example floral display size, leaf area etc. 
Comparator: 
Lack of traits or alternative traits, for example no floral display. 
Outcome: 
Outcomes of each study will be stated as they are found within the relevant articles 
included and details will be coded into the map accordingly.   
2-1.2 Methods 
The methods used in the development of the systematic map database will be adapted 
from the Collaboration for Environmental Evidence (CEE) Systematic Review Guidelines 
(CEE, 2010) and from an existing systematic map report, Randall and James (2012).  
2-1.2.1Searches 
A comprehensive search will be undertaken using multiple information sources to capture 
an un-biased sample of literature. The search strategy was developed to identify both 
published and grey literature.  
Key search terms 
An initial scoping search was performed to validate the methodology and used to provide 
a preliminary indication of the volume of relevant literature. Search terms were tested 
between November 2014 and March 2015 for specificity and sensitivity using the Harper 
Adams University library electronic database, ‘Findit@Harper’, and used to indicate the 
volume of relevant literature. The search terms, number of articles found and general 
quality of the search results were recorded in Microsoft Excel [Additional file 2-1].  
The following Boolean search operators will be used. A wildcard (*) will be used where 
accepted by a database or search engine to pick up multiple word endings, for example 
plant* would pick up plant, plants, etc. A keyword may be made more restrictive by the 
addition of a qualifier e.g. (plant*) AND (trait*) AND (beneficial) AND (invertebrate*).  The 
combination of qualifiers and keywords will vary for each ecosystem service, based on the 
results of the scoping search. The exact keyword and qualifier combinations to be used 
are listed in Additional file 2-2. 
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Plant traits identified by the systematic map will then be used as keywords for further 
searches linking them with the specific target ecosystem services, e.g. (floral display*) 
AND (pollinat*).  This will ensure that the searches are as comprehensive as possible. 
Sources of publications 
Several online sources will be searched in the English language to identify relevant 
literature and a record of each search will be made to enable a re-run of the search if 
needed. Data that will be recorded include: date search conducted, database name, 
search term, number of hits and any other notes. 
The following online sources will be searched:  
1. Bibliographic electronic databases:  
1.1. Harper Adams University Library Database (‘Findit@Harper’) which includes the 
following relevant sources (all other sources included in this database can be 
found in Additional file 2-3): 
1.2. ISI Web of Science involving the following products: ISI Web of Science; ISI 
Proceedings  
1.3. Index to Theses Online 
1.4. Agricola (United States department of Agriculture National Agricultural Library) 
NAL catalogue 
1.5. Copac 
1.6. Directory of Open Access Journals (DOAJ) 
 
2. Grey literature for specialist searching 
2.1. Organisational websites 
Where possible, Boolean search terms will be used in these databases.  However 
if the technical infrastructure of a database does not support this search method, 
simplified subsets of the key search terms will be used. 
2.1.1. Defra  (https://www.gov.uk/government/organisations/department-for-
environment-food-rural-affairs) 
2.1.2. UK Environment Agency 
(https://www.gov.uk/government/organisations/environment-agency) 
2.1.3. UK Forestry Commission/Forestry Research (http://www.forestry.gov.uk/) 
2.1.4. The Woodland Trust, UK (https://www.woodlandtrust.org.uk/) 
2.1.5. Natural England (https://www.gov.uk/government/organisations/natural-
england) 
2.1.6. Natural Resources Wales (https://naturalresources.wales/) 
2.1.7. Scottish Natural Heritage (http://www.snh.gov.uk/) 
2.1.8. Scottish Environment Protection Agency (https://www.sepa.org.uk/) 
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2.1.9. Northern Ireland Environment Agency (https://www.doeni.gov.uk/) 
2.1.10. European Environment Agency (http://www.eea.europa.eu/) 
2.1.11. European Commission Joint Research Centre (https://ec.europa.eu/jrc/en) 
2.1.12. Ministry of Agriculture and Forestry (Finland) (http://mmm.fi/en/frontpage) 
2.1.13. Swedish Environmental Protection Agency (http://www.swedishepa.se/) 
2.1.14. Danish Environmental Protection Agency (http://eng.mst.dk/) 
2.1.15. Ministry of Environment and Food of Denmark (http://en.mfvm.dk/the-
ministry/) 
2.1.16. Government Norway Portal (https://www.regjeringen.no/en/) 
2.1.17. Flemish Environment Agency (http://en.vmm.be/) 
2.1.18. Federal Environment Agency (Germany) (http://www.bmub.bund.de/en) 
2.1.19. Federal Ministry of Food, Agriculture (Germany) (http://www.bmel.de) 
2.1.20. Netherlands Environmental Assessment Agency (http://www.pbl.nl/en) 
2.1.21. Federal Department for the Environment, Transport, Energy and 
Communication (Switzerland) (http://www.uvek.admin.ch/) 
2.1.22. Federal Office for Agriculture (Switzerland) (http://www.blw.admin.ch) 
2.1.23. Food and Agriculture Organization of the United Nations 
(http://www.fao.org) 
2.1.24. Ecologic Institute (http://www.ecologic.eu) 
2.1.25. EU Cost (European Cooperation in Science and Technology) 
(http://www.cost.eu) 
 
3. Search engines 
Scirus (www.Scirus) and Google Scholar (scholar.google.com). The first 25 hits (.doc, .txt, 
.xls and .pdf documents where this can be separated) from each data source will be 
examined for appropriate data. No further links from the captured website will be followed 
unless to a document/pdf file. 
4. Other literature searches 
Other specific/specialised databases will be searched where identified or recommended 
by experts within the field.  
5. Key studies through stakeholder consultation 
Bibliographies of articles viewed at full text will be searched for relevant articles missed by 
previous searches. Recognised experts, practitioners and authors will be contacted for 




2-1.2.2 Article screening and study inclusion criteria 
Screening process 
The results of each search term on each database will be imported into a separate 
EndNote X7 library file. All the database libraries will be incorporated into one library, 
recording the number of references captured. Using the automatic function in the EndNote 
X7 software, any duplicates will be removed.  
The inclusion criteria will be applied by one reviewer to all potential articles at the title and 
abstract level. Where there is insufficient information to make an informed decision 
regarding an article’s inclusion, relevance to full text assessment will be assumed. A 
second reviewer will examine a random subset of at least 10% of the reference list to 
assess repeatability of the selection criteria. A kappa analysis will be performed to 
determine agreement between reviewers, with a score of 0.6 or above indicating 
substantial agreement. Disagreement between reviewers will be discussed and resolved 
by consensus. This same method will be used to assess the quality assessment and data 
extraction methods.  
A full list of articles excluded at full text with reasons for exclusion will be provided. 
Inclusion criteria 
All retrieved studies will be assessed for relevance using the following inclusion criteria:  
 
Relevant subject(s): Studies that investigate some aspect of plant traits and how they 
provide support for the target ecosystem services will be considered for inclusion into the 
systematic map. 
 
Relevant climate zone: Studies that have been undertaken in a region with a temperate 
climate, i.e. those classified as ‘C’ in Kottek et al. (2006). 
 
Language: All languages will be included in initial searches.  Only studies published in 
English will be included in full text assessment. This is due to limited resources and the 
languages known by the study reviewers. 
 
Date: No date restrictions will be applied.  
 
Relevant ecosystem service provided: The following support for ecosystem services 
provided by plant traits will be included: support for pollinators and crop pest natural 




Relevant Population: Water quality, pollinator species and natural enemies of insect crop 
pests. 
 
Relevant exposure: Specific plant traits, for example floral display size, leaf area, root 
length, plant height. 
 
Relevant comparator: Lack of traits or alternative traits, for example no floral display. 
 
Relevant outcome: Outcomes of each study will be stated as they are found within 
the relevant articles included and details will be coded into the map accordingly.   
Examples of outcomes may include: 
 Effects on pollinator abundance and diversity, visitation rates and attractiveness. 
 Effects on natural enemy abundance and diversity or predation rates 
 Effects on water quality protection including inhibiting pollution from nitrogen, 
phosphorus, pesticides and sediment levels. 
 
Relevant study design: Any primary research study that collects experimental or quasi-
experimental data to investigate the effect of specific plant traits on provision of the named 
ecosystem services. 
 
Potential sources of bias 
Due to limitations on resources, only English language articles will be included in full text 
assessment.  This does limit the number of articles discovered.  Further funding to 
translate relevant articles or employ a reviewer that can understand multiple languages, 
could help increase the geographical scale of this systematic map. 
 
2-1.2.3 Study quality assessment 
This quality assessment method has been informed by the systematic review guidelines’ 
hierarchy of evidence used in medicine and public health (Stevens and Milne, 1997) and 
conservation (Pullin and Knight, 2001). A generic list of variables used for quality 
assessment developed by Haddaway et al. (2014) will be modified and combined with 
topic-specific quality measures. These may include an assessment of the sampling 
methodology used (e.g. number, frequency and period of sampling, quality of measure, 
standards adhered to etc). An example of a good quality of measure could refer to the 
sampling technique, such as ensuring the ground is flush with a pitfall when setting the 
trap. Standards adhered to refers to any known standards for that method of sampling, for 
example, observations of pollinators such as bees should be undertaken between 10am 
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and 4pm. Terms including ‘yes’, ‘partially’ or ‘not at all’ will be applied to each study for 
these methodological factors during the creation of the systematic map database. Studies 
will be assessed on three categories, degree of replication, sample selection methods and 
other sources of bias, as shown in Table 2-1. 
Table 2-1 Study quality assessment categories. Modified from Haddaway et al. (2014). 
Quality assessment 
term applied 
Replication Sample Selection Other Sources of 
bias 
Yes Well-replicated 










Not stated but 




Not at all Poorly-replicated 
or not stated 
(1-3 samples per 
group) 




For example, a replicated, randomised control trial with no obvious bias would be 
categorised with the term ‘yes’ in all cases.  No articles will be excluded from the database 
based on study quality. 
 
2-1.2.4 Data coding strategy 
Studies that pass the inclusion criteria will be imported into a database. Generic and topic 
specific keywords were discussed with experts to assess their suitability. Each article will 
be coded and categorised according to these terms, which are as follows: 
 Author 
 Title 
 Publication date 
 Reference type 
 Target system (e.g. a specific plant species) 
 Plant trait 




 Target Ecosystem service 
 Study country 
 Study region/state 
 Study site (e.g. greenhouse, pine forest etc.) 
 Study timing (specific date(s) that the study took place) 
 Study length 
 Study type 
 Linked study (ID numbers from the article(s) in which the linked study took place 
will be cross-referenced here) 
The following potential effect modifiers have been compiled following discussion with 
subject experts and will also be coded in the map: 
 Country of origin  
 Climate (e.g. annual average rainfall values), only studies undertaken in temperate 
regions are to be included 
 Soil properties (e.g. free or poor draining/nutrient levels)  
 Time of planting 
 Sampling method 
 Species of crop pest natural enemy 
 Species of pollinator 
 
Data regarding the study characteristics, quality of design and results will be recorded. A 
notes section will identify any other interesting results such as other ecosystem services 
provided (e.g. nutrient or carbon cycling or carbon sequestration) but will not be included 
in further analysis. Where there is more than one article found for a study, each article will 
be recorded and cross referenced in the database. Also, where there is more than one 
study within an article, information about each study will be included in the database. 
The systematic map database will describe the extent of the research in the field. It will be 
searchable by topic and can be arranged according to topic areas, publication date, type 
of ecosystem service, plant species, plant trait, country of study etc. Simple numerical 
accounts of the frequencies in each category will be able to be obtained from the 
systematic map. Pivot tables will be generated in order to identify trends in the research.  
Where information regarding the reasons for heterogeneity is presented in the studies, it 
will be recorded e.g. species of pollinator, time of sampling etc. Where necessary and 
feasible, authors will be contacted for missing/suitable data.  
Subject experts will review the completed systematic map database to ensure that all 
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relevant categories have been defined. 
2-1.2.5 Study mapping and presentation 
The systematic map will be presented in an Access database, accompanied by a report 
describing the nature and character of the evidence. Summary graphs and tables of the 
study characteristics and quality will be presented. Possible knowledge gaps will also be 
identified, and recommendations will be made for future research based on the findings of 




Chapter 2. Part 2 - What specific plant traits support 
ecosystem services such as pollination, bio-control and 





Agricultural intensification has contributed to increased diffuse source pollution within 
water catchments, reduced heterogeneity within the landscape and caused major declines 
in farmland wildlife. This decrease in biodiversity has been shown to decrease vital 
ecosystem services such as pollination, biological pest control (bio-control) and water 
quality protection. The morphological traits of plant species, such as floral display size and 
leaf area, provide support to these services and vegetative strips can be established with 
plants that have these desirable traits to try and restore ecosystem service support to 
farmland. Vegetative strips are widely used across the world, especially in Europe, 
however, there is a need to increase their functionality due to issues of land availability 
and food security. To do this, combinations of plant species that will support specific 
ecosystem services, have been developed. However, to enable a fully-informed 
development process, evidence must be collated on which specific plant traits provide the 
support to the target ecosystem services. The primary objective of this study was to 
systematically map all evidence for specific plant traits that may provide support for 
pollinators, bio-control and water quality protection in temperate climates. 
Methods 
Both published and grey literature were obtained through databases and NGO websites 
using key search terms. An initial 34,077 articles were identified with a total of 11,705 
individual articles, after duplicates were removed. These were screened for inclusion 
based on criteria such as subject, climate and language. Each article was coded into a 
Microsoft Access database using generic (e.g. author, publication date, study length) and 
topic specific (e.g. target system, organism and ecosystem service) keywords. 
Results 
After screening 56 articles were coded into the systematic map. A total of 40 articles 
identified 37 plant traits for pollinator support, seven identified eight traits for bio-control 
and nine identified 26 for water quality protection. All articles were published between 




This systematic mapping process produced a searchable database of literature available 
on plant traits and the target ecosystem services. It has highlighted that more research 
has been conducted on plant traits for pollinator support than for bio-control and water 
quality protection, identifying potential research gaps in these areas. Evidence presented 
in this map could inform decisions related to the suitability of plant species for inclusion 
within multifunctional vegetative strips, providing targeted ecosystem services. This 
information could be used by policy makers to develop an option that could benefit 




















Published in: Cresswell, C.J., Cunningham, H.M., Wilcox, A., Randall, N.P., 2018. What 
specific plant traits support ecosystem services such as pollination, bio-control and water 
quality protection in temperate climate? A systematic map. Environmental Evidence. 7, 2. 
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2-2.1 Background  
The intensification of agricultural practices since the 1940s has led to increased diffuse 
source pollution in farmland water catchments through cultivation, the use of pesticides 
and fertilisers and the removal of off-crop habitat (Robinson and Sutherland, 2002; Ehrlich 
and Ehrlich, 2013). These practices have been attributed to major declines in farmland 
wildlife, including wildflowers, invertebrates, mammals and birds (Flowerdew, 1997; 
Sotherton and Self, 2000; Donald et al., 2001; Benton et al., 2003). Numerous reports 
have shown that a decline in farmland biodiversity can negatively affect the provision of 
multiple ecosystem services (Tilman et al., 2006; Hector and Bagchi, 2007; Zavaleta et 
al., 2010). In particular pollination, biological control (bio-control) and water quality 
protection have been effected and evidence of this can be seen in global pollination 
deficits caused by pollinator declines (e.g. Kevan and phillips, 2001; Kremen et al., 2002; 
Biesmeijer et al., 2006; Garratt et al., 2014) and in declines in water quality through 
pesticide, sediment, nitrate and phosphorus run-off and erosion (e.g. Kuivila and Foe, 
1995; Thorburn et al., 2003; Tang et al., 2015), although riparian buffer strips could 
mitigate this pollution (Reichenberger et al., 2007). Also, as there are continuing reports of 
insecticide resistance since the 1990s (e.g. Green et al., 1990; Whalon et al., 2008; Bass 
et al., 2015), there is an increasing need to restore support for natural enemies used in 
bio-control (Fiedler et al., 2008; Gurr et al., 2010; Rusch et al., 2016).  
To help mitigate some of these effects and develop more sustainable agricultural 
practices, semi-natural habitat resources that support pollinators, natural enemies and 
water quality protection, can be returned to farmland (Bommarco et al., 2013). The 
morphological traits of specific plant species, such as nectar content, floral display size or 
leaf area (Kattge et al., 2011), provide support for these services (Diaz et al., 2007; 
Garnier and Navas, 2012). For example, Bianchi and Wackers (2008) showed that more 
parasitoids were attracted to plants with a higher nectar content, Kudo et al. (2007) 
showed that a larger floral display size was preferred by Bombus hypocrita supsp. 
Sapproensis and Burylo et al. (2014) showed that a plant’s leaf area positively correlated 
with its ability to trap sediment.  
A widely-used and effective method to re-establish these services within farmland is the 
sowing of plant mixtures outside of the cropped areas, such vegetative strips in field 
margins (Hackett and Lawrence, 2014), and the inference is that these could be optimised 
if they were established using plant species with desirable traits. Policy support for this is 
already available through legislation and incentives across Europe. For example, within 
the European Union (EU), the Habitats Directive protects specific animals, plants and 
habitats (European Commission, 2016a), and the Water Framework and the Nitrates 
Directives protect water quality, the latter specifically addressing effects on water quality 
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arising from the leaching of nitrates into watercourses on farmland (European 
Commission, 2016b).  In addition, the EU Common Agricultural Policy (CAP) provides 
funding to help preserve habitat biodiversity, enhance water quality and reduce soil 
erosion in the form of greening and agri-environment schemes (European Commission, 
2016c,d,e,f).  
These policies have been highly influential in the restoration of biodiversity and ecosystem 
services to farmland habitat (Batáry et al., 2015). Future land availability for these 
schemes is being increasingly restricted due to increased food production requirements 
which have been exacerbated by climate change, competition for land, and other 
pressures on land use (Godfray et al., 2010; UN, 2015). One recent potential solution to 
these issues is the sustainable intensification of agriculture, which often promotes the 
increase of food production from existing land whilst minimising pressure on the 
environment (Garnett and Godfray, 2012; Garnett et al., 2013; Tittonell, 2014). An 
approach within this solution is to increase the ecosystem service value of non-cropped 
areas on farmland by selecting the most supportive plant species for multiple ecosystem 
services (Stutter et al., 2012; Hackett and Lawrence, 2014). Supportive combinations of 
plant species have been investigated in parts of Europe (e.g. Ecostac, 2009; Syngenta, 
2014), but they have not considered which plant traits actually support the target 
ecosystem services. 
Stakeholders from Syngenta UK Ltd are interested in developing vegetative strip seed 
mixes that they distribute to farmers. They have funded this work alongside the 
Biotechnology and Biological Sciences Research Council as part of a PhD project to 
develop a multifunctional seed mix, based on scientific evidence. Discussions with 
stakeholders from the Game and Wildlife Conservation Trust and Fera Science Ltd 
encouraged a focus on plant traits as these are what define a plants ability to provide 
support for ecosystem services. Also, the initial ideas for the project arose from two 
previous systematic maps, one funded by Defra and the Natural Environment Research 
Council to investigate interventions to reduce water pollution (Randall et al., 2015) and 
one investigating interventions for enhancing farmland biodiversity (Randall and James, 
2012). In order to provide an evidence base to inform the design of future multifunctional 
non-cropped planted areas we systematically mapped all evidence on what specific plant 
traits provide support for ecosystem services including pollination, bio-control and water 
quality protection. 
2-2.1.1 Objective of the systematic map 
The primary objective of this systematic map was to collate existing research evidence on 
specific plant traits that may support pollinators and natural enemies and provide water 
quality protection. Studies undertaken in any type of habitat within temperate climate 
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zones were included. A detailed summary of the nature and character of the evidence is 
presented alongside a summary of the specific plant traits that have been linked with the 
target ecosystem services. 
Primary question  
Which plant traits provide support for the following ecosystem services, within temperate 
climates: 
Pollination through pollinator support 
Bio-control through crop pest natural enemy support 
Water quality protection? 
Detailed “PECO” elements of the primary question 
Population: Waterbodies, pollinator species and natural enemies of insect crop pests, 
within temperate climates.  A temperate zone has a temperature range of -3ºC to +18ºC, 
shown as ‘C’ in the Köppen-Geiger world map on climate classification Kottek et al. 
(2006). 
Exposure: Specific plant traits, for example floral display size or leaf area etc. 
Comparator: Lack of traits or alternative traits, for example no floral display. 
Outcome: Derived from studies that investigated any potential changes in the populations, 
for example, increased pollinator or natural enemy visits to a flower, improved water 
quality within a water body or reduced soil erosion. 
2-2.2 Methods 
The methods used in the development of the systematic map database were adapted 
from the Collaboration for Environmental Evidence (CEE) Systematic Review Guidelines 
(2018) and from an existing systematic map report by Randall and James (2012). The 
detailed methods are presented in the protocol in Chapter 2 Part 1. A summary of these 
methods and any deviations are presented here. 
2-2.2.1 Searches 
In November 2014, specific search term combinations with Boolean search operators 
were entered into multiple online databases to capture an un-biased sample of the 
relevant published and grey literature. The search terms were established as stated in the 
protocol in Chapter 2 Part 1. In January 2017, the searches were updated to capture 
articles published after November 2014. For these updated searches the search terms 
stayed the same, but single search strings were used instead of multiple searches. This 
was the only deviation from the original methods stated in the protocol and did not change 
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which articles may have been discovered by the searches. Full lists of search terms, 
strings and databases can be found in Additional files 2-1, 2-2 and 2-3.  
2-2.2.2 Article screening and study inclusion  
The results from the searches were imported into an EndNote X7 library file and any 
duplicates removed. The inclusion criteria were agreed prior to screening to ensure that 
only articles relevant to the objective were included in the systematic map.  
Inclusion criteria 
All retrieved studies were assessed for relevance using the following inclusion criteria:  
Relevant subject(s): Studies that investigated some aspect of plant traits and how they 
could provide support for the target ecosystem services were considered for inclusion into 
the systematic map. 
Relevant climate zone: Studies that had been undertaken in a region with a temperate 
climate, i.e. those classified as ‘C’ in Kottek et al. (2006). 
Language: All searches were conducted in English, however any article that was found in 
another language was also included in the initial searches. Only studies published in 
English were included in full text assessment, due to limited resources and the languages 
known by the study reviewers. 
Date: No date restrictions were applied to initial searches, however the update searches 
restricted the date to articles published after November 2014. 
Relevant ecosystem service provided: The following support for ecosystem services 
provided by plant traits were included: support for pollinators and crop pest natural 
enemies and water quality protection.  
Relevant Population: Water bodies, pollinator species and natural enemies of insect crop 
pests. 
Relevant exposure: Specific plant traits, for example floral display size, leaf area, root 
length, plant height. 
Relevant comparator: Lack of traits or alternative traits, for example no floral display. 
Relevant outcome: Any study that investigated potential changes in the populations 
including: 
 Effects on pollinator abundance and diversity, visitation rates and attractiveness. 
 Effects on natural enemy abundance and diversity or predation rates 
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 Effects on water quality in water bodies including inhibiting pollution from nitrogen, 
phosphorus, pesticides and sediment levels. 
Relevant study design: Any primary research study that collected experimental or quasi-
experimental data to investigate the effect of specific plant traits on provision of the named 
ecosystem services. 
Article screening was undertaken by one reviewer at the title level. A second reviewer, 
that was blind to decisions made by the first reviewer, examined a random subset of 10% 
of the articles at abstract level and a kappa analysis showed a statistic of 0.836 
demonstrating a very high level of agreement. Any disagreement was discussed and 
resolved by consensus. Any articles that passed the inclusion criteria at abstract level 
were then taken forward for full-text assessment by one reviewer. Each article was 
screened according to the inclusion criteria and any that did not meet the criteria were 
excluded, these can be found in Additional file 2-4. Review articles were not included but 
reference lists of relevant review articles were hand searched for potentially relevant 
primary research studies. 
2-2.2.3 Coding of articles and study data 
Studies from articles that passed the inclusion criteria after full-text assessment were 
imported into a Microsoft Access database and coded according to author, title, year of 
publication, reference type, study country, study region/state, study site, study dates, 
study length, study type, type of access and language.  More specific terms were also 
used including type of ecosystem service, response organism/system, plant trait, target 
organism/system, outcome and the critical assessment decisions on replication, sample 
selection and other sources of bias. All coding was undertaken by one reviewer and any 
queries were discussed with a second reviewer and a consensus decision made. 
2-2.2.4 Study critical assessment 
The critical assessment method was informed by the systematic review guidelines’ 
hierarchy of evidence used in medicine and public health (Stevens and Milne, 1997) and 
conservation (Pullin and Knight, 2001). A generic list of variables used by Haddaway et al. 
(2014) were modified by the authors and combined with topic-specific quality measures. 
Terms including ‘yes’, ‘partially’ or ‘not at all’ were applied by one reviewer to each study 
based on  degree of replication, sample selection methods and other sources of bias, as 




Table 2-2 Study critical assessment categories. Modified from Haddaway et al. (2014). 
Critical assessment 
term applied 
Replication Sample Selection Other Sources of 
bias 
Yes Well-replicated 










Not stated but 




Not at all Poorly-replicated 
or not stated 
(1-3 samples per 
group) 




For example, a well-replicated, randomised control trial with no obvious bias was 
categorised with the term ‘yes’ in all cases.  No studies were excluded from the database 
based on the critical assessment criteria. 
2-2.2.5 The systematic map database 
A systematic map database was developed to describe the extent of the research in this 
field, see Additional file 2-5. It was created in Microsoft Access and is searchable by topic 
and arranged according to the generic coding terms. Also, it was designed so that it may 
be arranged by the specific coding terms, providing detailed information on the plant traits 
described by the articles in the map and how they have been related to support for the 
target ecosystem services.  
2-2.3 Results 
2-2.3.1 Summary of the evidence 
In total the searches in November 2014 and January 2017 identified 34,077 articles, with 
a total of 11,705 once duplicates were removed. These were screened for inclusion 
according to the schematic in Figure 2-2. 
Of the screened articles, 56 contained studies that met the inclusion criteria and were 
subsequently included in the systematic map database. See Additional file 2-6 for a list of 
these studies.  All the included studies were from journal articles containing primary 
research. There were no relevant studies found for inclusion from the grey literature 
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searches. Each article contained one relevant study, but some studies investigated 
multiple plant traits. In the systematic map database each row details one study, with each 
column providing further details e.g. ‘Author’, ‘Study Site’, ‘Study Length’ ‘Plant Trait(s)’ 
etc. In each cell a drop down menu shows the possible keyword options and indicates 
where multiple keywords have been chosen.  For example, in the ‘Plant Trait(s)’ column 
the drop down menus indicate each of the traits that have been selected according to the 
evidence provided in the article. Each column can also be filtered according to the 
keywords included. For example, the ‘Ecosystem Service’ column can be filtered for 
articles that present evidence on one specific ecosystem service.  
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Articles excluded on 
language (49) 
Duplicate (6) 
Unable to access (1) 






Non-relevant subject (38) 
Non-relevant climate zone (16) 





Articles excluded (70) 
Articles mapped (56) 








Potentially relevant articles (130) 
Potentially relevant articles (2,612) 
Abstract not available in the 
English language (273) 




Articles excluded on 
relevance (9,044) 
Articles identified through all searches 
(34,077) 
Duplicates removed (22,372) 
Figure 2-2 Schematic of screening stages for the systematic map that led to 56 articles that were 
obtained and subsequently mapped. 
47 
 
2-2.3.2 Key findings of the systematic map 
Article publication dates ranged from 1983 to 2017, see Figure 2-3, and the vast majority 
(n=47) of articles were published within the last 10-15 years. 
  
 
Studies from these articles were performed in a wide variety of countries, see Figure 2-4, 
however there were no studies from Eastern Europe and the most studies were 

























Figure 2-3 The total articles published in each five-year period from 1980, for each target 
ecosystem service. 
*Note that this period is two years shorter than the others. 
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Figure 2-4 The total studies carried out in each country for each ecosystem service. N/A 
refers to studies where the country was not stated in the text. 
The decisions made in the critical assessment are displayed in Figure 2-5. A total of 45 
studies showed moderate to high replication with at least four samples per group, 43 
showed randomised sample selection and 49 showed no other evident sources of bias 
using our critical assessment method. Decisions were not possible if the relevant 
information for the assessment criteria could not be accessed.  
 
 




























































Figure 2-5 Decisions made in the critical assessment of studies according to a) degree of 
replication, b) sample selection methods and c) other sources of bias. N/A denotes the 






2-2.3.3 Plant traits and ecosystem services 
For each article information on the studied plant traits was coded into the systematic map 
database. This included the plant trait (e.g. floral display size), the response organism or 
system that was monitored (e.g. plant species), the target organism (e.g. pollinator 
species), the outcome of the study (e.g. increased visitation) and the ecosystem service it 
was linked with (e.g. pollination). 
Out of the 56 articles that were included in the systematic map, 40 related to pollination 
(through pollinator support), seven related to bio-control (through crop pest natural enemy 
support) and nine related to water quality protection. The specific plant traits and the 
ecosystem service(s) that they were related to in these articles are shown in Table 2-3. In 
total, 68 plant traits were studied. With regards to pollinator support, 33 of the plant traits 
were related to the flower of a plant, three were related to the leaf and one to the stem. 
Also, six traits studied to support natural enemies were related to the flower of the plant, 
two to the leaf and one to the stem. In contrast, three traits studied to support water 
quality protection were related to the leaf of the plant, 17 were related to the roots and five 
to the plant as a whole. 
Table 2-3 Plant traits and related ecosystem services investigated in the literature. 













Achromatic component    
Anthers    
Anthesis    
Availability of nectar    
Bloom intensity    
Bract size    
Calyx width    
Chromatic component    
Colour stimulus    
Disc floret area    
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Distyly    
Diurnal anthesis    
Floral display size (11)   
Floral nectar (3) (2)  
Floral odour (4)   
Floral scent    
Floral symmetry    
Floral thermogenesis    
Floral tubes    
Floral UV reflectance    
Flower colour (9)   
Flower number    
Flower orientation    
Flower radial symmetry    
Flower shape (3)   
Flower size (2)   
Flower venation    
Nectar guides (2)   
Number of open flowers    
Petal width (2)   
Pollen quantity    
Pollen reward    
Spadices heat 
generation 
   
Spur length    
Stamen condition    
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Epicuticular wax    
Leaf area   (5) 
Leaf biomass    
Leaf gelsemine    
Leaf trichome    
Number of leaves    
Resin gland size    








Belowground biomass    
Fibrous root diameter    
Fibrous root length    
Fibrous root surface    
Percentage fine roots   (3) 
Root area    
Root biomass   (2) 
Root density    
Root diameter    
Root length   (3) 
Root length density    
Root mass   (2) 
Root slenderness    
Root surface    
Root system density    
Root system topology    
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Root tensile strength   (2) 








Aboveground biomass    
Canopy density   (2) 
Height    
Plant biomass    
Plant roundness    
 
The nine articles found for water quality protection studied 26 individual plant traits, 18 of 
which related to the roots of a plant. The 40 articles found for pollination studied 37 
individual plant traits that related to pollinator support. Nineteen of which related to the 
floral display of the plant, for example floral display size (n=11) and flower colour (n=9). 
The seven articles found for bio-control studied 8 individual plant traits that were related to 
support for crop pest natural enemies. Furthermore, floral display size, flower colour and 
flower nectar were all investigated in studies relating to pollinator support and natural 
enemy support. 
2-2.4 Discussion 
The aim of this systematic map was to discover evidence on specific plant traits in relation 
to pollination, bio-control and water quality protection within the literature.  In light of this, 
we discuss the key findings made by the systematic map in relation to each ecosystem 
service and any potential limitations to the map. 
2-2.4.1 Key findings 
This systematic map collated evidence on specific plant traits and how they may support 
the target ecosystem services. Due to the specificity of the inclusion criteria, just 56 
articles were suitable for inclusion within the map. According to our critical assessment 
method, over half of the articles included studies that demonstrated moderate to high 
replication, randomised sample selection and no other source of bias. The publication 
dates of the articles span 34 years, with 41 published within the last 12 years, showing a 
recent increase in the volume of research in this topic area. A total of 68 plant traits were 
studied and related to the support of the target ecosystem services, spanning the entire 
plant anatomy.  
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Pollination through pollinator support 
As the overwhelming majority of these articles studied plant traits linked with pollination 
through pollinator support (n=40), this shows a clear bias in the research. This bias is to 
be expected due to the highly dependent, mutualistic relationship between flowering 
plants and pollinators and current pollinator declines are driving further research to try and 
understand this relationship (Hector and Bagchi, 2007; Potts et al., 2010; Nicolson and 
Wright, 2017). Interestingly, studies that showed traits relevant for pollinator support were 
the most numerous from the USA (n=9) followed by Spain (n=5), Brazil (n=4) and South 
Africa (n=4). This could be due to the size of the country (both land mass and population) 
and the large proportion of it that is within a temperate climate zone [49].  Also the articles 
that studied pollination through pollinator support were published from 1983 to 2016, 
indicating that research on how plant traits support pollinators has been carried across 33 
years at least. It was also noted that the majority of plant traits that were studied for 
pollinator support, related to some aspect of the flower of a plant, in particular the floral 
display size (n=11) and flower colour (n=9), and the traits that related to the flower varied 
greatly. 
Bio-control through crop pest natural enemy support 
A total of eight individual plant traits for bio-control through crop pest natural enemy 
support were studied by seven articles. This small number of articles indicates that there 
is a knowledge gap in this area. The studies were undertaken across Europe and North 
and South America, with one study undertaken in each of the following countries: Brazil, 
Denmark, France, Germany, Spain, Sweden and USA. This high variation in study country 
origin reduces any effects if bias on the information presented by the systematic map. 
Also, the publication dates for articles that studied bio-control through natural enemy 
support ranged from 1998 to 2015, showing that research in this area started 16 years 
after similar research for pollinator support. The plant traits that were studied related to the 
flower (6) and leaf (2) of a plant. This indicates that only above ground plant traits have 
been studied or identified in relation to the support of natural enemies. Also there was a 
cross-over between plant traits that were studied for natural enemy and pollinator support 
because floral display size, floral nectar and flower colour were researched for both. 
Water quality protection 
Similar to bio-control, only nine articles studied plant traits and how they may support 
water quality protection, however, they did look into 23 individual traits. Over a third of 
these studies were undertaken in Europe (France (n=3) and England (n=1)), with the 
remaining studies spread across China (n=2), USA (n=2), and Australia (n=1). Also, water 
quality protection plant traits were studied slightly more recently than the other two 
ecosystem services with publication dates ranging from 2000 to 2017. Although three 
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articles studied leaf traits and five studied whole plant traits for water quality protection, 18 
traits were related to plant roots. This showed an overwhelming focus in the research on 
below ground traits for the support of this ecosystem service. 
2-2.4.2 Limitations to the searches 
As only articles available in English could be included in the map, this may have biased 
the studies included to only those that are from English speaking countries. There were 
over 20 articles that provided some valuable information on support for the target 
ecosystem services, but these were excluded because they studied plant community traits 
rather than individual plant traits. These types of traits are more complex and were not 
relevant for this systematic map. 
Although access to article full-text can be a limitation to a systematic map, only one article 
had to be excluded on this basis. 
Limited time and funding meant that the initial title screening was undertaken by one 
reviewer and this may have introduced a bias at this stage. Only one reviewer conducted 
the critical assessment of the studies presented by the articles, so in order to avoid a 
potential limitation to the map, no articles were excluded based on the decisions made.  
2-2.3 Conclusion 
This systematic map identified and coded 56 articles that could answer the primary 
question “What specific plant traits support ecosystem services such as pollination, bio-
control and water quality protection in temperate climates?”. It highlighted that over 68 
plant traits have been studied, spanning the entire plant anatomy.  It also identified a large 
bias in the research towards plant traits for pollinator support.  
2-2.3.1 Implications for research 
It is recommended that more primary research is undertaken on plant traits that may 
potentially support natural enemies or water quality protection. This research should aim 
to identify any other influential plant traits but also test those that have been identified so 
far, to develop the evidence base. Whilst a significant amount of evidence has been 
collated by this map, it is yet to be seen exactly how the identified plant traits provide 
significant support for the targeted ecosystem services. Whilst large numbers of studies 
imply a consistency of evidence across the literature, for example the 11 articles that 
studied floral display size, they do not necessarily demonstrate how and why floral display 
size may effect pollinator support, Therefore, in Chapter 3 a review of the study findings 
from the articles in this map will  investigate exactly how each of the plant traits may 
support the ecosystem services that they have been related to and provide 
recommendations for any further primary research that should be undertaken. 
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2-2.3.2 Implications for policy and management 
The evidence collated so far could inform policy makers and land-owners on the design of 
vegetative strips to support pollination, bio-control and water quality protection. If such 
evidence-informed decisions are made, the efficacy of vegetative strips to support 





Chapter 3. A trait-based approach to plant species 




Farmland vegetative strips are a proven source of support for ecosystem services and are 
globally used to mitigate the effects of agricultural intensification. However, increasing 
pressures on agricultural land require an increase in their functionality, so supporting 
multiple ecosystem services concurrently, would be desirable.  
The plant species utilised in a vegetative strip seed mix will determine the establishment, 
resulting plant community and ecosystem services that are supported. Currently there is 
no clearly defined or structured method to select plant species for multifunctional 
vegetative strips.  
Plant traits determine how a plant species may support an ecosystem service, and the 
establishment and persistence of plant communities is influenced by key external factors 
and the characteristics of the plants themselves. A novel, evidence-informed method of 
multifunctional vegetative strip design is proposed, based on these essential traits, factors 
and characteristics. 
This study had three distinct stages. The first stage identified plant traits that support 
water quality protection, pollinators and/or crop pest natural enemies, using existing 
research evidence. Then, plant characteristics and environmental factors essential for 
plant community establishment and persistence were identified. Finally, these 
standardised methods were applied to design a multifunctional vegetative strip for a 
specific case study (lowland farmland within the United Kingdom). 
Key plant traits identified, included floral display size, flower colour, nectar content, leaf 
surface area, leaf trichome density, percentage fine roots, root length, rooting depth and 
root density. Key plant community characteristics and environmental factors included life 
history, native status, distribution, established competitive strategy, associated floristic 
diversity, flowering time and duration and preferred soil type and pH. In the UK case study 
five different plant traits and all of the identified plant characteristics and environmental 
factors were used to design a seed mix for a multifunctional vegetative strip. 
Here, a transferable method of vegetative strip design is presented, that can be adapted 
for other ecosystem services and climate zones. It provides landowners and advisors with 




Under review: Cresswell, C.J., Cunningham, H.M., Wilcox, A., Randall, N.P., 2018. A trait-
based approach to plant species selection to increase functionality of farmland vegetative 
strips. Ecology and Evolution. 
3-1 Introduction 
Agricultural land use covers 37.4% of global land area as of 2015 (FAO, 2018). Farming it 
effectively for food production is vital for a globally expanding human population (Godfray 
et al., 2010; UN Population Division, 2018). Recent research has shown that achieving 
efficient agricultural production requires regulating ecosystem services, including 
pollination and biological control (bio-control), which support the provisioning ecosystem 
service of food production (Aizen et al., 2009; Zavaleta et al., 2010; Blitzer et al., 2016). 
However, declines in both pollinator abundance and diversity in addition to the plants that 
support them, have led to pollination deficits in crops such as oil-seed rape, watermelon 
and apple (Kremen et al., 2002; Carvell, 2004; Biesmeijer et al., 2006; Brown and Paxton 
2009; Williams and Osborne 2009; Winfree et al., 2009; Garratt et al., 2013; Stanley et al., 
2013). Simplified, intensive agricultural landscapes have also been shown to have a 46% 
lower level of pest control by insect natural enemies of crop pests (Rusch et al., 2016). In 
addition, since 1945 increased applications have led to pesticides, together with nitrates, 
phosphates and sediment, polluting farmland water quality through run-off, erosion and 
leaching to ground water (Davies, 2000; Gevao et al., 2000; Dabrowski et al., 2002). 
Whilst pesticide applications have reduced more recently, there is evidence demonstrating 
their persistence in the environment (Cuevas et al., 2018). In particular, organochlorine 
pesticides are pervasive within water systems and have high persistence in the 
environment (Chang, 2018). 
To support ecosystem services and protect wildlife, whilst meeting food production 
requirements, a ‘sustainable intensification’ approach has been proposed (Wentworth, 
2008; Firbank et al., 2013). This involves increasing food production from the existing 
agricultural land whilst minimising pressure on the environment (Garnett and Godfray, 
2012). One mechanism of this would be to increase the functionality of off-crop habitats, 
such as vegetative strips in field margins, that support valuable ecosystem services within 
the farm, including water quality protection, pollination and bio-control (Pfiffner and Wyss, 
2004; Reichenberger et al., 2007; Lye et al., 2009; Haaland et al., 2011). Wildflower 
vegetative strips can increase pollinator visits to the crop by 25% (Feltham et al., 2015). If 
sown with grasses and wildflowers, they can provide shelter and food resources for 
natural enemies, which can reduce pest-induced crop damage and increase yield to 
adjacent crops (Gurr et al., 2010; Tschumi et al., 2016). Also, vegetative strips sown along 
farmland watercourses are a proven method of water quality protection (Muscutt et al., 
1993; Davies, 1999; Dorioz et al., 2006; Reichenberger et al., 2007; Haukos et al., 2016). 
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As a result, farmers in Europe are required to buffer any waterbody next to arable land 
with a 2m wide vegetative strip under the Common Agricultural Policy and Water 
Framework Directive (DEFRA, 2014; European Commission, 2018). They often have very 
low botanical diversity (Mayer et al., 2007), but studies have shown that the introduction of 
other plant species should not affect their efficacy at protecting water quality (Mayer et al., 
2007; Critchley et al., 2013; Cole et al., 2015). Consequently, there is scope to sustainably 
increase the number of ecosystem services that vegetative strips support whilst still 
provisioning for wildlife. This could aid food production in the face of mounting restrictions 
on land availability and pressures on landowners and wildlife (Stutter et al., 2012; Hackett 
and Lawrence, 2014).  
Some attempts at integrating support for different ecosystem services have been made 
(e.g. Biddinger and Rajotte, 2015), but the potential to provide water quality protection and 
support for pollinators and natural enemies in one vegetative strip, has been little 
explored. The plant species included in a vegetative strip seed mix will determine the 
establishment, resulting plant community and therefore ecosystem services that are 
provided (Grime et al., 2007). From current literature, there is no evidence of a clearly 
defined or structured method of plant species selection for vegetative strips. Numerous 
seed companies, charities and other organisations provide seed mix options and advice to 
support biodiversity or ecosystem services (e.g. Syngenta, 2014; Buglife, 2018; Kings 
Seeds, 2018; Emorsgate Seeds, 2018). Typically, these were developed by observation 
and experience in the field (Nowakowski and Pywell 2016), but this method is not 
transparent, structured or repeatable. Evidence-informed decision support tools have 
been developed for general farming practices (e.g. Centre for Ecology & Hydrology, 
2018), but so far, none exist for selecting plant species for multifunctional vegetative 
strips. 
Plant functional traits and their uses in determining species performance, in predicting 
changes in community compositions and their effect on ecosystem functioning, are 
increasingly being investigated (Lavorel and Garnier, 2002; Diaz et al., 2007; Violle et al., 
2007; Violle and Jiang, 2009; de Bello et al., 2010; Lavorel et al. 2013). The specific 
morphological traits of a plant, or effect traits as defined by Lavorel and Garnier (2002), 
such as nectar content, floral display size or leaf area (Kattge et al., 2011), determine how 
it supports specific ecosystem services (Diaz et al., 2007; Garnier and Navas, 2012). For 
example, Bianchi and Wackers (2008) showed that more parasitoids were attracted to 
plants with a higher nectar content, Kudo et al. (2007) showed that a larger floral display 
size was preferred by Bombus hypocrita supsp. Sapproensis and Burylo et al. (2014) 
showed that a plant’s leaf area positively correlated with its ability to trap sediment. In 
addition, plant characteristics such as their life history and established competitive 
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strategy, can significantly affect the establishment of the desired plant community. For 
example, if a plant species has a perennial life history it should return each year suitable 
(Marshall and Moonen, 2002), and if non-competitive grasses are sown with the forbs, this 
could enhance the chance of the desired forbs establishing (Laskey and Wakefield, 1978). 
Therefore, they should also be considered when selecting species for a seed mix. 
There are many sources of plant trait and characteristic data for UK species, (e.g. Fitter 
and Peat, 1994; Grime et al., 2007; Baude et al., 2016; Biological Records Centre, 2018), 
providing an extensive evidence base for plant species selection. There are also 
reviewing methods, such as systematic mapping, that provide a structured and 
comprehensive process to discover evidence that may explain which specific plant traits 
support the target ecosystem services.  
In the pursuance of designing a vegetative strip to support multiple ecosystem services, a 
novel, evidence-informed method which utilises plant traits is proposed, which can be 
applied to a wide range of farmland environments within temperate climates. The target 
ecosystem services to be supported by this vegetative strip include water quality 
protection, pollination and bio-control. 
3-2 Materials and methods 
This study was undertaken in three distinct stages. The first stage identified plant traits 
that support water quality protection, pollinators and/or crop pest natural enemies, using 
existing research evidence. The second stage identified plant characteristics and 
environmental factors essential for plant community establishment and persistence within 
a vegetative strip. Stage three applied the standardised methods from the first and second 
stages to a specific case study for lowland farmland within the United Kingdom, where 
plant species were selected for a multifunctional vegetative strip. 
3-2.1 Stage One: The identification of plant traits that support the target 
ecosystem services 
A standardised, systematic reviewing method was used to collate existing research on 
plant traits that support the target ecosystem services. A systematic map approach was 
used as it is a transparent, repeatable, structured and un-biased method to collate 
evidence (Grant and Booth, 2009; Collaboration for Environmental Evidence, 2018). The 
exact methods used to carry out the systematic map can be found in Chapter 2 Part 1. 
In summary, a combination of published peer-reviewed, and grey (i.e. non-commercially 
available) literature sources were comprehensively searched using specific key terms to 
capture an un-biased sample of the literature. Articles were considered relevant where 
they investigated a plant trait and its provision of the target ecosystem services in a 
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temperate region. Any experimental or correlative study, that collected primary data and 
that met the above criteria, was included in the database created in Chapter 2 Part 2. 
Each article was categorised using a combination of generic (e.g. country of study, 
publication date, authors etc.) and topic specific (e.g. plant trait, target organism and 
ecosystem service provided) keywords. Only findings from studies that met predefined 
critical appraisal requirements (i.e. adequate replication or randomisation of samples and 
no clear confounder), were used to inform the final assessment of the plant traits. For 
each included study, the specific plant trait, target organism and outcome were identified. 
Data were extracted from the map to make cross-comparisons between the findings to 
build a robust evidence base for plant species selection.  
3-2.2 Stage Two: Identification of plant characteristics and environmental 
factors that aid in establishment and persistence of plant communities 
The establishment and persistence of plant communities is influenced by key external 
factors and the characteristics of the plants themselves (Laskey and Wakefield, 1978; 
Grime et al., 2007). These could include preferred soil type or the plant’s competitive 
nature.   
A group of topic experts were consulted to ascertain what information was required and 
how to effectively collate it. Information sources were searched, including Laskey and 
Wakefield (1978), Landis et al. (2000), Marshall and Moonen (2002), Grime et al. (2007), 
Wentworth, J. (2008), Kirk and Howes (2012) and Biological Records Centre (2018).  
3-2.3 Stage Three: Case Study on UK plant species 
Information from stages one and two were applied to a case study, in this case UK 
lowland farmland. A list of all UK, native, perennial forbs and grasses that showed an 
indication of good distribution across the UK, according to the Online Atlas of the British 
and Irish Flora (Biological Records Centre, 2018), was compiled. Data on their traits 
(identified in stage one) and characteristics and environmental factors (identified in stage 
two) were then collected and coded into a database. The full database and details on the 
sources searched for this information can be found in Additional File 3-1. 
Plant characteristics and environmental factors identified in stage two formed an initial 
criterion for plant species selection. Plant species were then ranked relative to their ability 
to aid in the provision of the target ecosystem services (water quality protection, and 
support for pollinators and natural enemies) according to the traits and characteristics 
already identified. Some of the characteristics from stage two were weighted for 
importance in lowland temperate environments. The ranks for each plant species were 
totalled and those with the highest rank carried forward to be considered for inclusion 
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within a final multifunctional seed mix. The plant communities were developed so that a 
range of plant traits would be present. 
3-3 Results 
3-3.1 Stage One: Overview of the systematic map 
From a total of 11,705 from the initial search, 56 articles met all the relevant criteria to be 
included for data extraction. Data extracted from the systematic map report created in 
Chapter 2 Part 2, on the identified plant traits and their corresponding ecosystem service, 














Figure 3-1 Plant traits and related ecosystem services investigated in the literature. (Data 
adapted from Chapter 2 Part 2) 
Pollinator support was the most commonly studied ecosystem service and many of the 
included articles investigated plant traits that focussed on different aspects of the floral 
display of a plant, for example floral display size (n=11), flower colour (n=9) and flower 
shape (n=3). Some of the articles collated on crop pest natural enemy support also 
studied flower colour and floral nectar. Both floral and leaf traits such as flower radial 
symmetry and leaf shape were found to influence invertebrates. Out of the articles 
collated on water quality protection 17 related to the roots and root system of the plant. 
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Articles that studied the same plant trait all drew the same conclusions, e.g. the articles 
investigating floral display size all identified that a larger display was preferred by the test 
species of pollinator (Table 3-1). 
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Table 3-1 Data extracted from the systematic map showing the important aspects for the chosen plant traits and the corresponding 




Target organism/system Outcome Reference 
Floral display size 
Larger 
Apis mellifera, Bombus sp., Osmia sp., 
Bombylius sp., Usia bicolor, Diptera, 
Hymenoptera, Coleoptera, Heteroptera, 
Lepidoptera, Syrphidae, Pollinators, 
Flower visiting insects 
Preference shown 
Shykoff & Bucheli (1995); Galen 
(1996); Johnson & Dafni (1998); 
Møller & Sorci (1998); Elle & Carney 
(2003);  Sánchez-Lafuente & Parra 
(2009); Barrio & Teixido (2015) 





Larger Bombus hypocrita subsp. Sapproensis 
Increased 
attractiveness 
Kudo et al. (2007) 
Larger Pollinators Attracted more Ohashi & Yahara (2004) 
Larger 
Andrena spp., Anthophora acervorum, 
Apis mellifera, Bombus impatiens, 
Bombus pascuorum, Bombus pratorum, 
Bombus terrestris, Pollinators, Muscid 
and Anthomyiid flies, Syrphidae, Others 
Increased 
visitation 
Conner & Rush (1996); Totland 
(2004); Sánchez-Lafuente et al. 
(2005); Brunet et al. (2015); 





Crab spiders, Coleoptera, Syrphid flies 
(Allograpta and Platycheirus) 
Preference shown 
Campbell et al. (2010); Rocha-Filho & 
Rinaldi (2011); Reverte et al. (2016) 
UV-yellow Ants, wasps & diptera Preference shown Reverte et al. (2016) 
White 
Crab spiders, Solitary bees (Hylaeus), 
Coleoptera, Pollinators 
Preference shown 
Campbell et al. (2010); Mu et al. 
(2011); Rocha-Filho & Rinaldi (2011); 
Reverte et al. (2016) 
Blue Philoliche aethiopica Preference shown Jersáková et al. (2012) 
Pink Usia bicolor, Crab spiders, Lepidoptera Preference shown 
Johnson & Dafni (1998); Rocha-Filho 





Melipona mondury Preference shown Koethe et al. (2016) 
Bee-green Melipona quadrifasciata Preference shown Koethe et al. (2016) 
Green Ants Preference shown Reverte et al. (2016) 
Colour 
change 
Bombus hypocrita subsp. Sapproensis 
Susceptible to 
display patterns 
and floral display 
size 
Kudo et al. (2007) 
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Purple Bees Preference shown Reverte et al. (2016) 
Red Pollinators Preference shown Shang et al. (2011) 
Nectar content 
Higher Aphidius ervi, Bees and flies Preference shown 
Ashman et al. (2000); Vollhardt et al. 
(2010) 
Higher 
Apis mellifera, Andrena nigrihirta, 
Andrena tridens, Andrena carlini, Nomada 
perplexa, Xylocopa virginica virginica, 
Augochlora pura, Augochlorella striata, 
Osmia conjuncta, Osmia lignaria, 
Dialictus sp., Osmia sp., Honeybees, 
Bumblebees, Parasitoids 
Attracted more 
Motten (1983); Bianchi & Wackers 
(2008); Schmidt et al. (2015) 
Leaf area 
Larger Soil erosion 
Reduced soil 
erosion 




Burylo et al. (2014) 
Larger 




Chau & Chu (2017) 
Larger Rainfall interception Increased Li et al. (2016) 
Larger N & P removal 
Increased N & P 
removal from soil 
Read et al. (2010) 
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Leaf trichomes More Pea leaf weevils 
Increased 
abundance 
Chang et al. (2004) 
Percentage fine roots Higher Soil erosion 
Reduced soil 
erosion 
Burylo et al. (2012a) 
Root length 
Longer Soil aggregate stability Increased Gould et al. (2016) 
Longer Nitrate uptake 
Increased nitrate 
uptake rate 
Sullivan et al. (2000) 
Rooting depth 
Deeper N & P removal 
Increased N & P 
removal from soil 
Read et al. (2010) 
Deeper Nitrate uptake 
Increase nitrate 
uptake rate 
Sullivan et al. (2000) 
Root density Higher 




Chau & Chu (2017) 
3-3.2 Stage Two: Identified plant community characteristics and 
environmental factors 
Information gathered on plant community characteristics and environmental factors and 
their aspects that are essential to multifunctional vegetative strip establishment are shown 
in Table 3-2. 
Table 3-2 Plant community characteristics and environmental factors, their desirable 
aspect for a multifunctional vegetative strip, the justification and the associated reference. 
Plant 
characteristic 
Aspect Justification Reference 
Life history Perennial Vegetative strips along farmland 
watercourses should last 5-10 years, 








Distribution Regional Well-regionally distributed will ensure 










Grasses have been shown to 
outcompete wildflowers, so must their 






High High associated floristic diversity 
increase the chance of wildflowers 
establishing well 









To provide pollen and nectar sources 
throughout season 
Landis et al., 
2000 
Soil type Suitable for 
varied types 
To ensure growth and good 
establishment of the plant 





Soil pH Suitable for 
varied soil 
pH 
To ensure growth and good 
establishment of the plant 






High To ensure selected species provide 
support for the target beneficial 
invertebrates 
e.g. Kirk and 
Howes, 2012 
 
3-3.3 Stage three: UK plant species case study, the ranking system and the 
results of the application 
The traits and characteristics for each plant species were ranked using the parameters 
and associated scores detailed in Table 3-3. 













Floral display size* 0: <10 mm, 1: ≥10mm 
 
Baude et al., 2016 
Trichome density 0: Sparse, 1: Numerous 
 
Grime et al., 2007 
Leaf area  0: <25 mm2, 1: ≥25 mm2 
 
Grime et al., 2007 
Root system 0: Tap-root, 1: Adventitious Fitter and Peat, 1994;  
Grime et al., 2007 
Leaf phenology 0: Aestival, 1: Evergreen Fitter and Peat, 1994;  
Grime et al., 2007 
Soil type 0: Not suitable for all soils,  
5: Suitable for all soils. 
 
Expert advice: John 
Szczur, GWCT cross-
referenced with data from: 
Grime et al. 2007; 
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These scores were heavily 
weighted as suitability to 
most soil types was 
essential for establishment 
of the multifunctional 
vegetative strip.** 







Leaf area class 1: <15, 2: 15-20, 3: 20-25, 
4: 25-30, 5: >:30 mm2 
Grime et al., 2007 
Established strategy 0: C or SC or CR,  
1: CSR or R or S or SR 
 
Where C = Competitor, R = 
Ruderal, S = Stress-
tolerator, CR = Competitive-
Ruderal, SC = Stress-
tolerant Competitor, SR - 
Stress-tolerant Ruderal and 
CSR = C-S-R strategist 
Grime et al., 2007 
Height (maximum) 0: ≥2000, 1: 1500-2000,  
2: 750-1500, 3: ≤750 mm 
Fitter and Peat, 1994 
Associated floristic 
diversity 
1: 10.0 species or fewer,  
2: 10.1-14.0,  
3: 14.1-18.0,  
4: 18.1-22.0,  
5: >22.0 
Grime et al., 2007 
*Size of total floral display, not individual florets 
**This ranking parameter can be adapted to target specific soil types, for example 
targeting a sandy loam soil – 0: not suitable for sandy loam soil, 5: suitable for sandy loam 
soil. 
Forbs ranked highly if they had a large floral display size and leaf surface area, leaves 
with numerous trichomes, an adventitious root system and evergreen leaves. All grasses 
were required to have an adventitious root system but also scored highly if they had a 
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large leaf surface area, a less competitive established strategy, a lower comparative 
height and a high associated floristic diversity. Once the higher scoring forbs and grasses 
were identified they were then combined to create the final seed mix. 
All plant species highlighted in Tables 3-4 and 3-5 were included in the seed mix for the 
multifunctional vegetative strip. Due to cost restrictions and standard practice, the seed 
mix consisted of 20% forbs and 80% grasses. An alternative mix was also created with a 
ratio of 50% forbs and 50% grasses to investigate the effect of this difference on 
establishment of the desired community. Two further multifunctional plant mixes were 
developed, one for a heavy clay soil and one for a sandy loam soil. The same method was 
used, with the exception that rankings considered plant suitability for the respective soil 
types. 
Table 3-4 Grasses assessed for inclusion in the multifunctional seed mix and their 
corresponding rank. 









Agrostis capillaris 5 1 3 2 11 
Festuca pratensis 4 1 2 4 11 
Phleum pratense 5 0 1 3 9 
Dactylis glomerata 4 0 2 3 9 
Alopecurus pratensis 4 0 2 3 9 
Festuca rubra agg. 2 1 2 3 8 
Festuca arundinacea 2 0 0 4 6 
 
 
Table 3-5 Forbs assessed for inclusion in the multifunctional seed mix and their 
corresponding ranks. Ranked forbs all showed signs of support for all groups of bees 
according to Kirk and Howes (2012).  











Trifolium pratense 1 1 1 0 1 5 9 
Trifolium repens  1 0 1 1 1 5 9 
Centaurea nigra 1 1 1 0 0 5 8 
Taraxacum officinale agg.  1 0 1 0 1 5 8 
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Stachys sylvatica 1 1 1 0 0 5 8 
Leucanthemum vulgare  1 0 0 1 1 5 8 
Prunella vulgaris 0 1 1 ? 1 5 8 
Lotus corniculatus 1 0 1 0 0 5 7 
Daucus carota  0 0 1 0 1 5 7 
Achillea millefolium  0 0 1 0 1 5 7 
Galium verum 0 1 0 ? 1 5 7 
Ranunculus acris  1 0 0 0 0 5 6 
Silene dioica  1 0 0 0 0 5 6 
Veronica chamaedrys  1 1 1 1 1 0 5 
Hypochaeris radicata  1 1 0 1 1 0 4 
Primula vulgaris  1 1 1 ? 1 0 4 
Heracleum sphondylium 1 1 0 0 0 0 2 
Vicia cracca 0 1 1 0 0 0 2 
Potentilla erecta 1 ? 0 1 0 0 2 
Scrophularia nodosa ? 0 1 0 0 0 1 
Knautia arvensis 1 0 0 0 0 0 1 
Malva moschata ? 0 0 0 1 0 1 
Potentilla anserina 1 0 0 0 0 0 1 
Geranium pratense 1 0 0 0 0 0 1 
‘?’ denotes where data was not available on the plant trait for a specific plant species. 
3-3.4 Discussion 
The knowledge gaps identified by the systematic map, for example, there were less 
articles found for water quality protection and crop pest natural enemy support when 
compared with pollinator support, emphasise a need for additional research to be 
undertaken in these areas. However, the articles that were included provided sufficient 
evidence to utilise in the plant trait decision-making. In addition, the concurrence of the 
findings in the articles in the systematic map, allowed increased confidence in the 
evidence used in the plant species selection process. 
For some of the plant traits identified in Stage One, the information relating to their 
presence or absence in individual UK plant species was unavailable. For example, the 
research identified specific traits such as fibrous root length or depth as indicative of an 
adventitious root systems to aid water quality protection type, but only the overall root 
system could be identified (e.g. in Grime et al. 2007). This influenced what could be 
presented in the database of UK plant species (Additional File 3-1). In other cases, the 
data available on traits was incomplete for some plant species (indicated by ‘?’ in Table 6) 
potentially impacting an individual species ranking. For plant species where the trait 
information is lacking, further primary research, would strengthen this method of 
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vegetative strip design. Screening experiments could be undertaken to record 
measurements of specific plant trait parameters such as maximum and minimum size of 
floral display. 
Although the three-stage approach identified the top scoring plants, other UK lowland 
farmland-specific issues were also considered. The commercial availability of the seed 
affected the final seed mixes. Where this was an issue lower scoring plants that covered a 
similar flowering period were substituted. For example, two high scoring UK forbs, lady’s 
bedstraw (Galium verum) and selfheal (Prunella vulgaris), could not be sourced from seed 
companies and so were not included in the multifunctional seed mix, see Table 3-5. A 
slightly lower scoring plant, primrose (Primula vulgaris), though not guaranteed to grow 
well in all soil types, was included because it has many of the desirable traits, but also 
flowers early in the season and some higher scoring plants do not. Similarly, the grass 
species cock’s foot (Dactylis glomerata), had a slightly lower score than some others due 
to its competitive nature, but was included as its pollen is often gathered by pollinators 
(Kirk and Howes, 2012).   
The plant species chosen for these seed mixes were all selected for use within the UK, 
however the methods used can be applied to other temperate regions by choosing plant 
species native to that country. The TRY Plant Trait Database created by Kattge et al. 
(2011) can be used to access information gathered from numerous plant trait databases 
across the world. 
3-4 Conclusions 
In this study an evidence-informed method to design multifunctional vegetative strips has 
been outlined and demonstrated.  
By using this three-stage approach for the first time in vegetative strip design, a method 
has been developed that focusses on exactly what is required of individual plants, and of 
plant communities, to support ecosystem services in farmland. This method is widely 
applicable to different environmental conditions within temperate farmland and allows a 
more informed decision-making process when choosing plant species for vegetative strip 
seed mixes.   
In-field experiments are currently underway to test the long-term establishment and 
viability of the test seed mixes. If establishment of the desirable plant community is 
achieved and sustained, then this method of vegetative strip design could be a proven, 
useful tool that could inform agricultural environmental policies. For example, the 
European Common Agricultural Policy does not currently stipulate that vegetative strips, 
along farmland watercourses, need to be sown with anything but a standard grass seed 
mix (European Commission, 2018). If payments to farmers could be offered as an 
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incentive to sow a more enhanced, multifunctional seed mix along watercourses on their 
land, this could positively affect biodiversity within farmland whilst increasing support for 
regulating services to the farmer. Field margins need to become multifunctional due to 
restricted land availability, increased food production requirements and farmland 
biodiversity declines. This novel method could allow land owners to increase the 
functionality of their field margins or other vegetative strips by supporting three vital 
ecosystem services, whilst re-introducing biodiversity into the landscape. In addition, the 






Chapter 4. Vegetative strips in UK farmland field margins 




Vegetative strips have been widely used across Europe to mitigate the effects of 
agricultural intensification. In Great Britain, farmers are required to maintain a vegetative 
strip on land adjacent to a watercourse, to act as a buffer against pollution, but their 
management is not specifically prescribed, and neither are the seed mixes that are sown. 
Within Great Britain, plant species richness has declined by 7.5% between 1998 and 2007 
alongside watercourses, and there is a need to determine how to establish more diverse 
plant communities within buffer strips. 
This study investigated the kind of plant communities that could be expected, dependent 
on buffer strip management, age, sown seed mix and soil type and whether an evidence-
informed method of plant species selection could enhance vegetative strip establishment 
and persistence.  
A preliminary case study investigated resultant plant communities found in existing buffer 
strips, and evaluated previous management, age, sown seed mix and soil type. In 
addition, designed seed mixes using the methods in Chapter 3, for multifunctional and 
single-focus vegetative strips, were sown in a field experiment to test the effects of 
environmental conditions, namely soil type, and management on the establishment of the 
desired plant communities.  
Across the preliminary case study and field experiment, every buffer and vegetative strip 
type on sandy or sandy loam soils (less-fertile soils) consistently had the highest species 
richness, proportion of forb cover and proportion of sown species cover. Targeting seed 
mixes towards specific soil types had no effect on the proportion of sown species present. 
The majority of buffer strips in the case study had less than 50% forbs. The multifunctional 
vegetative strip designed for all soils sown with 50% forbs and 50% grasses, had the 
highest average proportion of forb species and species richness.  
The findings from the case study provide further evidence for the need for careful 
consideration of environmental factors, such as soil type, when developing seed mixes for 
buffer strips. The findings from the field experiment demonstrate that using a structured, 
evidence-based decision-making tool when selecting plant species for vegetative strips 
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Farmland vegetative strips have been used across Europe to mitigate the effects of 
agricultural intensification for over 20 years (Marshall and Moonen, 2002; Pfiffner and 
Wyss, 2004; Reichenberger et al., 2007; Haaland et al., 2011). In Great Britain, land 
managers are required by government policy to maintain a buffer strip on land within two 
metres of the centre of a watercourse (DEFRA, 2018). The United Kingdom government-
funded Farming Advice Service recommends that buffer strips be sown with grass, wild 
bird seed or pollen and nectar mixes, however, there is no specifically prescribed 
selection of plant species or management regime (Farming Advice Service, 2018). The 
Countryside Survey (Centre for Ecology and Hydrology, 2008a) showed plant species 
richness alongside rivers and streams in the UK to have decreased by 7.5% between 
1998 and 2007, with continued decreases observed in the ratio of forbs to grasses. This 
has likely contributed to the nationwide decrease in plant species richness by 9.2% 
between 1978 and 2007 (Centre for Ecology and Hydrology, 2008b) and the observed 
parallel declines in pollinators and the plants that rely upon them (Biesmeijer et al., 2006; 
Wood et al., 2007).  
In order to incentivise farmers to increase biodiversity on their land, a new approach to the 
application of agri-environment schemes has been trialled in England. It is a 3-year, 
European Union funded, Results Based Agri-environment Payment Scheme (RBAPS) 
pilot study (Natural England, 2017). Currently the options for arable vegetative strips in 
this scheme target support for wild birds & pollinators, through winter bird food, and floral 
mixes to support pollinators. Preliminary results show evidence of increased farmer input 
as they became increasingly motivated to make the RBAPS plots establish and persist 
(Natural England, 2017). This method of payment by results could be used to encourage 
farmers to enhance their buffer strips by providing them with the option to sow a more 
diverse seed mix. If seed mixes establish successfully and help increase botanical 
diversity whilst continuing to protect water quality, payments to the farmer could be 
increased above those provided for standard buffer strips. 
These incentives could be used to motivate farmers to increase the functionality of 
vegetative strips as well as their diversity. This is of growing importance as food 
production requirements continue to rise and land availability becomes further restricted 
(Godfray et al., 2010; Stutter et al., 2012). Specific ecosystem services such as the 
aforementioned water quality protection and pollination, as well as biological control of 
insect crop pests, can be supported by vegetative strips. The current commonly used 
buffer strips, often sown with simple grass seed mixes, are not designed to support 
multiple ecosystem services. There is a need to develop alternative seed mixes, to be 
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sown along farmland watercourses, with increased diversity and functionality to provide 
improved ecosystem service support to the farmer and support to wildlife.  
Establishing more diverse and functional buffer strips may present some challenges. It is 
known that seed mixes containing forbs and grasses often become less diverse over time, 
as grasses have a more competitive growth strategy (Huusela-Veistola and Vasarainen, 
2000; Noordijk et al., 2011; Grime et al., 2007). One method to replenish forb populations 
is to re-sow once they have diminished, but this could impair the ability of the buffer strip 
to protect water quality. Buffer strips are usually long-term establishments and are not 
frequently re-sown to ensure that the soil and ground cover provided by a well-established 
plant community is preserved (Reichenberger et al., 2007). 
In order to fully understand how to establish a botanically diverse buffer strip, resultant 
plant communities found in vegetative buffer strips were investigated in a preliminary case 
study, and the effects of previous management, age, originally sown seed mixes and soil 
type, were evaluated. Then the effects of environmental conditions and management on 
the establishment of the desired plant communities in sown seed mixes, developed using 
an evidence-informed method, for multifunctional and single-focus vegetative strips, were 
tested.  
4-2 Methods 
4-2.1 Case study on existing buffer strips in England 
Landowners were contacted via staff and student networks associated with Harper Adams 
University (a major UK Higher Education Institution within the land-based sector). Once a 
potential lead had been identified, the landowner was contacted and informally questioned 
about their buffer strips. If a landowner had a vegetative strip alongside a watercourse on 
their land and possession of a history of management they were deemed suitable for 
inclusion in the study and they progressed to the next stage. This method of selection of 
sites and landowners could not be randomised as they were included in the study on a 
voluntary basis. To address this potential bias full histories of the sites were collected and 
bias is acknowledged in the analysis of the data. Questionnaires were distributed to 32 
volunteer landowners in five counties across the Midlands, Great Britain. The questions 
sought to gain information on their buffer strips, including sown seed mixes, management, 
age, width, adjacent watercourse and soil type. A copy of the distributed questionnaire 
can be found in Additional File 4-1. If a complete history of all of the above parameters 
was gathered for the buffer strips on the holding, then it was included in the study. In total, 
26 farms were included and farm locations were mapped out using ArcGIS (ESRI, 2011). 
All buffer strips were surveyed between 1st and 12th August 2016, to capture an 
impression of the plant communities at the peak of plant growth. A linear transect was 
walked through the middle of each buffer strip and DAFOR scores were applied to any 
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discovered plant species (Wheater et al., 2011). Scores were applied as follows: D: 
Dominant (>75% cover), A: Abundant (51-75% cover), F: Frequent (26-50% cover), O: 
Occasional (11-25% cover), R: Rare (<11% cover). Plant species richness, community 
variation, dominant species and proportions of grasses to forbs were also recorded. A 
GPS location and sample photos of the recorded plant species and the whole buffer strip 
were taken. 
4.-2.1.1 Statistical analyses 
All analyses for the case study data were conducted in Minitab 18. A Mixed Effects Model 
with the Kenward-Roger approximation was used to analyse the effect of the multiple 
random and fixed effects of the known variables (farm, soil type, seed mix type and buffer 
strip age) on species richness and proportional percentage cover of forbs observed. 
 
4-2.2 Field experiment using designed vegetative strip seed mixes 
4-2.2.1 Vegetative strip seed mixes 
Five different seed mixes of UK plant species were designed using a ranking methodology 
developed using systematically collated evidence on plant traits (see Chapters, 2 and 3). 
These included three different multifunctional mixes to support pollination, bio-control and 
water quality protection concurrently, one designed for establishment in all soil types 
(MVS), another for sandy loam soils (MVSs) and the third for heavy clay (MVSc). Single-
focus mixes were also developed to support pollination (PSVS), and to protect water 
quality (WQVS). For comparison, a commercially available example of a multifunctional 
seed mix (OPVS) was included. A list of the plant species included in each of the seed 
mixes can be found in Table 4-1. In addition, another multifunctional mix for all soils was 
sown, to test the effect of alternative management on establishment (MVSM) and the same 
species mix with 50% forbs and 50% grasses, sown at a lower sowing rate of 1g/m2 
(MVSH), to test the effect of forb proportions on establishment. Other seed mixes that 
contained a mixture of forbs and grasses consisted of 20% forbs and 80% grasses, as is 
commonly used for such seed mixes (e.g. Syngenta, 2014; Buglife, 2018; Kings Seeds, 








Table 4-1 Seed mixes, relevant codes and included plant species and their percentage 
weight contribution. MVS, MVSH & MVSM - Multifunctional for all soil types (H = 50% forbs, 
50% grasses & lower sowing rate; M = alternative management), MVSS - Multifunctional 
for sandy loam soils, MVSC – Multifunctional for heavy clay soils, WQVS – Water quality 
protection, PSVS – Pollination support and OPVS – Operation Pollinator (commercially 
available multifunctional example). 
 
Plant species 
 Percentage weight contribution to the following seed 
mixes: 
 






Achillea millefolium  2.00 5.00 2.00 2.00     2.00 
Centaurea nigra  2.00 5.00 4.00 3.00   12.50 2.00 
Daucus carota ssp carota 2.00 5.00         3.00 
Frageria vesca    2.00         
Galium album            2.00 
Heracleum sphondylium     1.00 1.00   4.00   
Hypochaeris radicata  0.50 1.25 0.50     0.25   
Leontodon hispidus           12.00   
Leucanthemum vulgare  2.00 5.00   2.00   12.50 2.00 
Lotus corniculatus  2.00 5.00 3.00 2.00       
Primula vulgaris  0.50 1.50   1.00   2.00   
Ranunculus acris  2.00 6.25   3.00   12.25 2.00 
Silene dioica  2.00 5.00       12.00 2.00 
Stachys sylvatica  1.00 2.50   2.00     2.00 
Succisa pratensis     2.50         
Taraxacum officinale agg. 2.00 5.00 5.00 2.00   10.00   
Trifolium pratense  0.50 1.25 1.00 1.00   10.00 1.00 
Trifolium repens  0.50 1.25 1.00 1.00   10.00   
Veronica chamaedrys  0.50  1.00           








Agrostis capillaris  10.00 6.25 5.00 5.00 10.00     
Alopecurus pratentsis        30.00     
Cynosurus cristatus     30.00 30.00       
Dactylis glomerata  10.00 6.25 10.00 10.00 15.00   10.00 
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Festuca rubra  50.00 31.25 25.00 20.00     30.00 
Phleum pratense         30.00   10.00 
Schedonorus 
arundinaceus         15.00   10.00 
Schedonorus pratensis  10.00 6.25 10.00 15.00     20.00 
 
4-2.2.2 Study sites and plot management 
In April 2015 the eight seed mixes were hand-sown with five replicates in a randomised-
block design on sandy loam soil at Harper Adams University, Shropshire, England 
(52.7795° N, 2.4271° W) and on heavy clay soil at the Game and Wildlife Conservation 
Trust Loddington Farm, Leicestershire, England (52.6135° N, 0.8361° W). All seed mixes 
were sown at 2 g/m2, apart from the pollinator support strip (PSVS) and the multifunctional 
strip with 50% forbs and 50% grasses (MVSH), which were sown at 1 g/m2 (due to the 
increased forb proportions), on 4m by 4m plots with a 1m grass buffer in-between. After a 
month of initial growth, the plots at both sites were carefully hand-weeded for non-sown 
plant species between May and June 2015, to aid the establishment of the sown species. 
The plots were also cut twice in 2015 (August & October), and then once in 2016 
(September) and 2017 (October). The cuttings were removed from each site after every 
cut. In addition to this, all plots apart from the multifunctional strip with alternative 
management (MVSM), were weed-wiped with Pastor Pro (Dow AgroSciences Ltd, 2014) 
prior to being surveyed in June 2016. 
4-2.2.3 Vegetative surveys  
Between July 2015 and April 2018, the vegetative cover (percentage of ground cover) of 
each plant species was recorded every month. Vegetative cover could total more than 
100% due to overlap amongst the plant canopies. Surveys were conducted within two 
days to ensure that very little plant growth occurred within the surveying period. All 
surveys were undertaken by one researcher, to ensure consistency in the measurements 
taken.  
4-2.2.4 Statistical analyses 
All analyses were conducted in R version 3.4.4. We evaluated the effect of vegetative strip 
type on vegetative cove, plant community height rand root structural density with repeated 
measures ANOVAs. Specific elements of vegetative cover were analysed including 
percentage cover of sown species, percentage bare ground, proportion of cover from forb 
species and plant species richness. Post hoc (LSD) tests were performed for significant 
factors in the analyses. All ANOVA assumptions were achieved. Sown species 





4-3.1 Case study on existing buffer strips in England 
Cutting was the preferred method of buffer strip management by farmers as 95% of the 37 
buffer strips were cut once or twice a year with the exception of one buffer which had no 
management and one which was regularly grazed. The majority of buffers (76%) were 
between 2 and 6 metres wide, but the others ranged up to 24 metres wide. The youngest 
buffer strip was 2 years old and the oldest, 70 years old. The most buffer strips (41%) of 
one age were found at 10 years old.  
The fit of each model and the effects of farm, soil type, buffer strip age and seed mix type 
on plant species richness and proportional cover of forbs can be seen in Table 4-2. In 
each model less than 72% of error is accounted for. This is due to the wide variation in the 
data and indicates further data points are needed to increase the reliability of the test 
results. Despite this, trends can be seen in the data indicating potential effects of the 
variables and areas for further research. 
Table 4-2 Results from Mixed effects model on plant species richness, proportions of 
grasses and forbs. 








Z7.0 = 1.94,   
P = 0.027 
F2 = 1.06, 
P = 0.365 
F21.9 = 0.23, 
P = 0.633 
F2 = 0.24, 
P = 0.788 
S = 3.0,  




Z131.7 = 0.28, 
P = 0.388 
F2 = 0.85, 
P = 0.444 
F28.25 = 1.74, 
P = 0.197 
F2 = 0.05, 
P = 0.948 
S = 23.9,  
R-sq(adj) = 6.1% 
 
4-3.1.1 Plant species richness 
A total of 63 different plant species were observed across the buffer strips, ranging from 2 
to 23 species per strip, see Figure 4-1. Over half (51%) of surveyed buffer strips were on 
a clay soil, 27% on loam soil and 22% on sandy soil. Identical management of buffer strips 
on the same farm did not guarantee similar species richness on both clay and loam soils. 
For example, on one farm on clay soil all buffer strips were left to natural regeneration 10 
years prior and cut once a year, but their species richness ranged from 4 to 14.  
On clay soil a positive trend with species richness and buffer strip age was indicated for 
vegetative strips sown with a pollinator mix and those left to natural regeneration (Figure 
4-1). Surprisingly, the highest species richness on clay soil (22) was found in a buffer strip 
sown with a grass mix and the lowest (2) in a strip sown with a pollinator mix.  
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The mean species richness found on buffer strips sown with a grass mix on a clay soil 
(16) was higher than those sown on loam (10) or sandy (11) soils. An even more marked 
difference was observed in buffers sown with a pollinator seed mix where the mean 
species richness was highest on loam soils (19) when compared to those sown on clay 
(10) or sandy (12) soils. In addition, the highest mean species richness for buffers left to 
natural regeneration was found in sandy soils (15) when compared to those on clay (7) 
and loam soils.
Figure 4-1 Mean species richness of vegetative cover at different ages on a) clay, b) loam 
and c) sandy soils. Where there was more than one buffer strip contributing to the mean, 
the number of buffer strips (n) are presented on the x-axis. 
4-3.1.2 Proportion of cover provided by forbs 
Of the buffer strips sown on clay soil, 75% had less than 50% forb cover. There were no 
obvious trends in these proportions relating to buffer strip age for clay soil as even 
younger buffer strips had low proportions of forbs, see Figure 4-2. 
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Higher proportions of forbs were observed in the buffer strips on a loam soil when 
compared with those on clay soil, but 60% of buffer strips on loam soil were still observed 
to have less than 50% forb cover. Whilst only eight buffer strips were surveyed on sandy 
soil, over half (57%) still had less than 50% forb cover. These data indicated no effect of 
buffer strip type on the proportion of cover provided by of forbs, see Figure 4-2, and there 
is an indication that forb proportions decline over time in all vegetative strip types. 
Key differences were observed in the overall means of forb proportions. The highest 
overall mean proportion of forbs was found in the pollinator mix sown on sandy soils at 
80%, whilst the lowest was this same mix, but on clay soils, at 31%. This trend was not 
apparent in buffer strips left to natural regeneration or those sown with a grass mix as the 
highest overall proportion of forbs was actually found on clay soils for buffers sown with a 
grass mix (60%) and buffer strips left to natural regeneration (45%). 
 
Figure 4-2 Mean percentage vegetative cover at different ages on a) clay, b) loam and c) 
sandy soils. In each bar, forbs are presented as the darker shade and grasses as the 
paler. Where there was more than one buffer strip contributing to the mean, the number of 
buffer strips (n) are presented on the x-axis. 
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4-3.2 Field experiment of different vegetative strip seed mixes 
At the Harper Adams site on sandy loam soil, survey month significantly affected the 
differences between the vegetative strip types (Table 4-3). In contrast, at the Loddington 
site on heavy clay soil, there was only a significant effect of survey month on the 
proportion of cover provided by forb species found in each vegetative strip. Where there 
was a significant effect of survey month, the results from the analysis of each month can 
be found in Additional File 4-2 and 4-3. 
Table 4-3 Results from repeated measures ANOVA analyses on each site - Harper 















Harper Adams F4,7 = 195.44, 
P < 0.001 
F4,33 = 90.86,  
P < 0.001 
F4,231 = 3.07,  
P < 0.001 
Loddington F4,7 = 112.34, 
P < 0.001 
F4,33 = 15.91,  
P < 0.001 
F4,231 = 1.14,  
P = 0.091  
Percentage bare 
ground  
Harper Adams F4,7 = 22.58, 
P < 0.001 
F4,33 = 95.91,  
P < 0.001 
F4,231 = 2.64,  
P < 0.001 
Loddington F4,7 = 5.18,  
P < 0.001 
F4,33 = 95.78,  
P < 0.001 
F4,231 = 0.48,  




Harper Adams F4,7 = 342.30, 
P < 0.001 
F4,33 = 270.15,  
P < 0.001 
F4,231 = 3.42,  
P < 0.001 
Loddington F4,7 = 354.18, 
P < 0.001 
F4,33 = 52.73,  
P < 0.001 
F4,231 = 1.28,  
P = 0.007  
Plant species 
richness 
Harper Adams F4,7 = 184.82, 
P < 0.001 
F4,33 = 185.60,  
P < 0.001 
F4,231 = 1.19,  
P = 0.040 
Loddington F4,7 = 73.52,  
P < 0.001 
F4,33 = 50.70,  
P < 0.001 
F4,231 = 1.15,  
P = 0.081 
 
4-3.2.1 Proportion of percentage cover provided by sown species  
Across the survey period at both sites, the pollinator support vegetative strip (PSVS) had 
a consistently lower mean proportion of sown species than the other vegetative strips 
(Figure 4-3). On the Harper Adams site on sandy loam soil, the overall cover from sown 
species steadily increased over time for all vegetative strips, apart from the pollinator strip 
(PSVS). In contrast, at the Loddington site on heavy clay soil, there was little to no 
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change. Targeting the multifunctional vegetative strips towards specific soil types did not 
significantly affect their establishment as there were no significant differences between the 
multifunctional vegetative strips designed for sandy loam (MVSS) and heavy clay (MVSC) 
soil at either site. On the Harper Adams site on sandy loam soil the multifunctional strip 
designed for all soils (MVS) had a consistently higher proportion of sown species cover 
than the multifunctional strip for sandy loam soils (MVSS) and it was comparably similar to 
the multifunctional strip for heavy clay soils (MVSC) at both sites. The water quality 
protection vegetative strip (WQVS) had a consistently higher proportion of sown species 
than the other vegetative strips across the survey period on the Loddington site on heavy 
clay soil, however it was consistently lower on the Harper Adams site on sandy loam soil.  
The weed-wiping in June 2016 had no effect on the proportion of sown species in the 
multifunctional strips as the multifunctional strip that was not weed-wiped (MVSM), was 





















Figure 4-3 Mean proportion of percentage cover from sown species at sites a) Harper 
Adams University on sandy loam soil and b) Loddington on heavy clay soil. Vegetative 







Multifunctional strip for all soil types with 50% forbs and 50% grasses and a lower sowing 
rate, MVSM = Multifunctional for all soil types with no weed-wiping, MVSS = Multifunctional 
for sandy loam soils, MVSC = Multifunctional for heavy clay soils, WQVS = Water quality 
protection (100% grasses), PSVS = Pollination support (100% forbs) and OPVS = 
Commercial example of multifunctional strip. Unless stated otherwise, seed mixes were 
sown with 20% forbs and 80% grasses. Management was undertaken at the dates 
indicated on the graph.  
4-3.2.2 Percentage bare ground 
At the Harper Adams site on sandy loam soil, in the first winter and spring after 
establishment, there was 10-20% less bare ground in the multifunctional vegetative strips 
(MVS & MVSM), than the other strips, see Figure 4-4. At this same site, the commercial 
example of a multifunctional strip (OPVS) had consistently more percentage bare ground 
than the other vegetative strips for the majority of the survey period. 
The percentage bare ground in the vegetative strip for water quality protection (WQVS) on 
the Loddington site on heavy clay soil was significantly lower over the late winter months 
than the other vegetative strips apart from the multifunctional vegetative strip that had 
alternative management (MVSM). The highest percentage bare ground was found in the 















Figure 4-4 Mean percentage bare ground at sites a) Harper Adams University on sandy 







MVS = Multifunctional strip for all soil types, MVSH = Multifunctional strip for all soil types 
with 50% forbs and 50% grasses and a lower sowing rate, MVSM = Multifunctional for all 
soil types with no weed-wiping, MVSS = Multifunctional for sandy loam soils, MVSC = 
Multifunctional for heavy clay soils, WQVS = Water quality protection (100% grasses), 
PSVS = Pollination support (100% forbs) and OPVS = Commercial example of 
multifunctional strip. Unless stated otherwise, seed mixes were sown with 20% forbs and 
80% grasses. Management was undertaken at the dates indicated on the graph.  
4-3.2.3 Proportion of percentage cover provided by forbs 
At both sites, the pollinator support vegetative strip (PSVS) had the highest forb cover 
consistently and the water quality protection vegetative strip (WQVS) had consistently less 
forb cover, see Figure 4-5. After the pollinator support vegetative strip (PSVS), the 
multifunctional mix with increased forb proportions and a lower sowing rate (MVSH), had 
the next highest forb cover at both sites and was distinctly higher than the remaining 

















Figure 4-5 Mean proportion of percentage cover from forbs at sites a) Harper Adams 
University on sandy loam soil and b) Loddington on heavy clay soil. Vegetative strip types 
are depicted as: MVS = Multifunctional strip for all soil types, MVSH = Multifunctional strip 





Multifunctional for all soil types with no weed-wiping, MVSS = Multifunctional for sandy 
loam soils, MVSC = Multifunctional for heavy clay soils, WQVS = Water quality protection 
(100% grasses), PSVS = Pollination support (100% forbs) and OPVS = Commercial 
example of multifunctional strip. Unless stated otherwise, seed mixes were sown with 20% 
forbs and 80% grasses. Management was undertaken at the dates indicated on the graph.  
4-3.2.4 Plant species richness 
Mean plant species richness in each vegetative strip type was initially between 15 and 28 
at both sites but decreased over time for all vegetative strips. Excluding the vegetative 
strip for water quality protection (WQVS), the species richness in all of the vegetative 
strips followed the same trend. Plant species richness was always significantly lower in 
the WQVS than all other vegetative strips at both sites and consistently highest overall in 
the multifunctional vegetative strip with increased forb proportions and a lower sowing rate 
















Figure 4-6 Mean plant species richness at sites a) Harper Adams University on sandy 
loam soil and b) Loddington on heavy clay soil. Vegetative strip types are depicted as: 
MVS = Multifunctional strip for all soil types, MVSH = Multifunctional strip for all soil types 
with 50% forbs and 50% grasses and a lower sowing rate, MVSM = Multifunctional for all 
soil types with no weed-wiping, MVSS = Multifunctional for sandy loam soils, MVSC = 
Multifunctional for heavy clay soils, WQVS = Water quality protection (100% grasses), 






multifunctional strip. Unless stated otherwise, seed mixes were sown with 20% forbs and 
80% grasses. Management was undertaken at the dates indicated on the graph. 
4-4 Discussion 
The establishment of a vegetative strip is highly dependent on the seed mix sown, 
management undertaken, soil type and other factors such as soil seed bank and 
environmental conditions. Many forb species that are sown to provide floral support prefer 
less fertile soils (Grime et al., 2007; Syngenta, 2014; Kings Seeds, 2018; Emorsgate 
Seeds, 2018) and so will not establish as effectively on soils with a higher fertility. Sandy 
and loam soils tend to be less fertile and free-draining, whereas heavy clay soils tend to 
be much more fertile and slow-draining. Whist no significant effects of the sown seed mix 
and soil type were observed in the case study, clear overall trends were observed across 
vegetative strips of up to 70 years of age, on the proportion of forbs and species richness. 
In addition, the effects of seed mix type were discovered on the proportion of sown 
species and bare ground across the initial three years of establishment.  
The evidence from the case study and field experiment demonstrated that lower fertility 
soils are likely to support the highest species richness, proportion of forb cover and 
proportion of sown species cover. For clay soils, which have higher fertility, the combined 
evidence from the case study and field experiment suggests that, in the first few years of 
growth, species richness in vegetative strips can be low, but if sown with a pollinator mix 
(which includes forb species) it can still increase over the subsequent 10-15 years. So, 
whilst establishment of a more diverse buffer strip on sandy loam soils may be more 
successful early on, there is still scope for their establishment on clay soils. Targeting a 
seed mix towards a specific soil type may not aid establishment as there was no 
significant effect in the field experiment, but, the sown species in the multifunctional 
vegetative strip designed for most soil types (MVS) did provide an average of 84.3% (on 
sandy loam soil) and 69.6% (on heavy clay soil) of the vegetative cover, throughout the 
three years. Other environmental factors such as weather, soil seed bank and the 
management of the adjacent land, are likely to influence establishment as well, and so it is 
recommended that only species that are robust and known to establish well on various 
soil types should be selected. 
In the 2016 case study, the proportion of cover provided by forbs was frequently under 
50% across all soil types, vegetative strips and at different ages (see Figure 4-2), with the 
remaining cover provided by grasses. The competitive nature of grasses and their 
management are extremely influential in the establishment of a botanically diverse 
vegetative strip. It is known that species richness tends to decrease over time due to the 
nature of successional changes (Huusela-Veistola and Vasarainen, 2000; Noordijk et al., 
2011; Tscharntke et al., 2011). As succession takes place, grasses begin to outcompete 
the less-competitive wildflowers and tend to become the dominant species (Grime et al., 
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2007). The method of evidence-informed plant species selection in Chapter 3 facilitated 
the design of seed mixes that support ecosystem services, but also that could combat 
natural succession. Plant species were chosen based on desirable traits for the provision 
of ecosystem services, but also on essential characteristics for establishment as shown in 
Table 4-4. The effects of this method can be clearly seen in the field experiment where the 
water quality protection vegetative strip (WQVS), which was sown with 100% grasses had 
a three-year average of 19.5% forb cover (on heavy clay soil) and 26.6% (on sandy loam 
soil), whilst the multifunctional vegetative strip sown with 50% forbs and 50% grasses had 
a three-year average of  57.9% forb cover (on heavy clay soil) and 60.2% (on sandy loam 
soil). Increasing the proportion of forbs included in the sown seed mix also directly 
increased the species richness of a vegetative strip. A three year species richness 
average of 7.8 (on heavy clay soil) and 9.5 (on sandy loam soil) was observed for the 
water quality protection vegetative strip and an average of 13.9 (on heavy clay soil) and 
16.3 (on sandy loam soil) for the multifunctional vegetative strip with 50% forbs and 50% 
grasses. Using this method of vegetative strip design allowed the development of mixes 
that could establish significant, species-rich forb cover that also persisted across these 
initial years.  
Table 4-4 Plant community characteristics and environmental factors, their desirable 
aspect for a multifunctional vegetative strip and the justification. Adapted from Chapter 3. 
Plant characteristic Aspect Justification 
Life history Perennial Vegetative strips along farmland 
watercourses should last 5-10 years, 
without re-sowing, so annuals are not 
suitable. 
Status Native To avoid introduction of invasive non-
natives 
Distribution Regional Well-regionally distributed will ensure 




Non-competitive Grasses have been shown to outcompete 
wildflowers, so must their competitive 
strategy must be considered 
Associated floristic 
diversity 
High High associated floristic diversity 
increase the chance of wildflowers 
establishing well 
Flowering time and 
duration 
Duration of beneficial 
invertebrate season of 
activity 
To provide pollen and nectar sources 
throughout season 
Soil type Suitable for varied types To ensure growth and good 
establishment of the plant 
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Soil pH Suitable for varied soil 
pH 
To ensure growth and good 
establishment of the plant 
Suitability to native 
beneficial 
invertebrates 
High To ensure selected species provide 
support for the target beneficial 
invertebrates 
 
There was also no significant difference in the proportion of sown species between the 
multifunctional vegetative strip designed for most soil types (MVS) and the same strip but 
with no weed-wiping in June 2016 (MVSM) throughout the surveyed time period. This 
could be because some of the plants that were weed-wiped were potentially in late stage 
growth, where this chemical would not have been as effective. All but two of the sites in 
the case study were cut once or twice a year, and so further insight into the effects of 
management could not be gained here. 
Out of all the vegetative strips sown in the field experiment, the multifunctional strip with 
50% forbs and 50% grasses (MVSH) looked to be the most successfully established 
vegetative strip. It consistently provided high proportions of sown species and forbs, and 
plant species richness, whilst having similar percentage bare ground to the other 
vegetative strips.  
4-5 Conclusions 
The preliminary 2016 case study gives valuable but limited insight into the effects of age, 
management and seed mix type on buffer strip plant communities across three broad soil 
types. The field experiment allowed further insight into the effects on plant species 
selection on the early establishment of a more diverse and functional buffer strip. The 
findings demonstrate that using a structured, evidence-based decision-making tool when 
selecting plant species for vegetative strips, can affect their initial establishment and 
overall resulting plant communities. Also, the management of a vegetative strip, especially 
of grasses, is vital for the long-term persistence of a diverse plant community. Grasses 
can be managed with frequent cutting and the removal of cuttings after each cut, but this 
is much more time-consuming work. This is where the Results Based Agri-environment 
Payment Scheme (RBAPS) (Natural England, 2017), for land managers could be a 
valuable incentive for the continued maintenance of a diverse buffer strip.  
Further trials of the developed multifunctional seed mixes on different soil types and at a 
larger landscape-scale could provide additional insight into the establishment and long-





Chapter 5. Support for pollinators in farmland: A 




Habitat loss, partly stimulated by agricultural intensification over the past 60 years, has 
caused parallel declines in pollinators and insect pollinated plants. This has directly 
reduced crop pollination services, and deficits have been observed in crops such as sweet 
cherry, watermelon and oil-seed rape. A widely-used method to return support for 
pollinators to farmland is the sowing of vegetative strips in field margins. However, 
reduced land availability and increased food production requirements has led to a need for 
increased functionality from all farmland vegetative strips. The concern with this is that an 
increase in functionality could potentially compromise the support provided for pollinators. 
From April 2015, in a three year experiment, on two distinct sites, using seed mixes 
developed with a standardised, evidence-informed method (Chapter 3), the floral support 
of multifunctional vegetative strips (one with 50% forbs and 50% grasses and one with 
20% forbs and 80% grasses) and a commercially available multifunctional strip, was 
compared to a single-focus strip (100% forbs) for pollinators. Pollinator visitation 
preferences to the forb species included in these strips was also investigated. Floral cover 
and richness was surveyed monthly and pollinator visitation surveys were conducted in 
Spring & Summer 2016 and 2017.  
Overall pollinators made the most visits to Achillea millefolium, Centaurea nigra, Daucus 
carota, Heracleum sphondylium and Leucanthemum vulgare. These all had large floral 
displays, which was a key trait for pollinators identified and used in Chapter 3. 
An increase in the functionality of a vegetative strip was found to positively affect the 
support provided for pollinators, depending on the proportion of forbs sown. The 
multifunctional vegetative strip with 50% forbs and 50% grasses provided the most floral 
support at both sites with the most variety and the most preferred plant species by 
pollinators.  
The findings from this study could begin to inform policy makers and land-owners on how 
to begin to increase the functionality of a vegetative strip and enhance support for 
pollinators at the same time. 
In prep: Cresswell, C.J., Wilcox, A., Cunningham, H.M., Randall, N.P. Support for 
pollinators in farmland: A comparison of multifunctional and single-focus vegetative strips. 




The intensification of agricultural practices to meet food production requirements 
(Robinson and Sutherland, 2002; Godfray et al., 2010; Stutter et al., 2012; Hackett & 
Lawrence, 2014), has led to declines in farmland wildlife (Sotherton, 1998; Robinson and 
Sutherland, 2002; Benton et al., 2003), and ecosystem services, such as crop pollination 
(Kevan and Phillips, 2001; Kremen et al., 2002; Garratt et al., 2014). In Britain, parallel 
declines in pollinators and insect pollinated plants have been observed (Biesmeijer et al., 
2006), caused by habitat loss which has been stimulated by the intensification of 
agriculture (Brown and Paxton 2009; Williams and Osborne 2009; Winfree et al., 2009).  
Insect pollinators benefit 87 different crops globally and the provision of these services is 
of great value to farmers (Aizen et al., 2009). Declines in bumblebees and honeybees 
could decrease yield in oil-seed rape as they are known to be the most effective 
pollinators for this crop, which is grown in several countries such as Canada, China, India, 
Australia and across Europe (Stanley et al. 2013; FAO, 2017). Other crops such as 
watermelon, have suffered a pollination deficit caused by declines in bee diversity due to 
reduced floral and nesting resources (Kremen et al., 2002), and sweet cherry have been 
shown to have a much lower yield when not pollinated by insects (Holzschuch et al., 
2012). 
A widely-used method to return support for pollinators to farmland is the sowing of 
vegetative strips in field margins (Carvell et al., 2004; Lye et al., 2009; Haaland, et al., 
2011). When sufficient support for pollinators is present in off-crop habitats, increased 
yields in insect pollinated crops have been observed (Kremen et al., 2002; Holzschuch et 
al., 2012). When compared with the crop, wildflower strips have been shown to support a 
higher insect biodiversity (Pywell et al., 2006; Haaland et al., 2011). Furthermore, the 
frequency of pollinator visits to crops has been shown to increase in fields with adjacent 
wildflower strips (e.g. in strawberry crops in Feltham et al., 2015). In addition, there is 
some evidence that wildflower strips can support other beneficial insect species, such as 
natural enemies of crop pests (e.g. Grass et al., 2016). In fact, Tschumi et al. (2016) 
observed that when wildflower strips were sown adjacent to winter wheat fields this 
resulted in a reduction in cereal leaf beetle numbers which led to a 40% reduction in crop 
damage from pests and a 10% increase in crop yield. This potential to increase the 
functionality of a vegetative strip could be useful in the face of further pressures which are 
now facing agriculture, including reduced land availability and continued increases in food 
production requirements for an expanding human population and climate change (Godfray 
et al., 2010; UN DESA, 2015).  
One opportunity could be to increase the functionality of vegetative strips sown adjacent 
to farmland watercourses to protect water quality from pollution via soil erosion, run-off 
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and pesticide spray-drift (Kuivila and Foe, 1995; Thorburn et al., 2003; Reichenberger et 
al., 2007; Tang et al., 2015). These are often sown with a simple grass seed mix, but 
there is evidence to show that the efficacy of the strip to protect water quality may not be 
affected when other plant species are included (Mayer et al., 2007). Consequently, there 
may be scope to include wildflowers in these vegetative strips so that they may provide 
support for other ecosystem services such as crop pollination and bio-control.  
To test the potential of a multifunctional vegetative strip a standardised method of 
vegetative strip design was developed, based on plant traits and used this to produce 
seed mixes for multifunctional and single-focus vegetative strips (Chapters 2 and 3).  
In this study the following questions are addressed: (i) How does functionality of a 
vegetative strip affect the floral support provided to pollinators? (ii) What plant species 
received the most visits by different pollinator groups? (iii) What vegetative strip type 
provided the plant species that were most visited by pollinators? 
5-2 Methodological approach 
This study is part of a three-year experiment which investigated the effects of eight 
different vegetative strips on the establishment and persistence of plant communities 
(Chapter 4) and provision for pollinators, natural enemies of crop pests and water quality 
protection. Seven of the vegetative strips were developed using evidence on plant traits 
that was systematically collated (Chapters 2 and 3), and the last was a commercial 
example of a multifunctional vegetative strip. A full methodology of all of the vegetative 
strip seed mixes, study sites, plot management and vegetative surveys can be found in 
Chapter 4, a summary of those methods is included here as well as the additional 
methods used in this experiment.  
5-2.1 Vegetative strip seed mixes  
In this study, four different seed mixes of perennial UK plant species were considered, 
three of which were designed using a plant species ranking methodology that was 
developed using systematically collated evidence on plant traits (Chapters 2 and 3). 
These included two multifunctional seed mixes designed to support pollination, bio-control 
and water quality protection. The same plant species were included in both of these, but 
one consisted of 20% forbs and 80% grasses (MVS) and one of 50% forbs and 50% 
grasses (MVSH). This was to investigate whether the different proportions of forbs and 
grasses would affect the support provided. This was a key comparison as standard 
practice is to include only 20% forbs, and 80% grasses, mainly to reduce the cost of the 
seed mix (e.g. Syngenta, 2014; Buglife, 2018; Kings Seeds, 2018; Emorsgate Seeds, 
2018), Lastly, a single-focus seed mix of 100% forb species for pollinator support (PSVS), 
was designed. Both the MVSH and PSVS had a lower sowing rate of 1g/m2, due to the 
higher proportion of forbs and associated increased cost of the seed mix. An additional 
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mix was included to compare the designed seed mixes to a commercially available mix. 
This was a multifunctional mix from Syngenta’s Operation Pollinator programme 
(Syngenta, 2014). A list of plant species included in the designed seed mixes and the 
commercially available example can be found in Table 5-1.   
Table 5-1 Seed mixes, relevant codes, included plant species and their percentage weight 
contribution. MVS - Multifunctional vegetative strip for all soil types (20% forbs, 80% 
grasses), MVSH - Multifunctional vegetative strip for all soil types (50% forbs, 50% grasses 
& lower sowing rate), PSVS – Pollination support and OPVS – Operation Pollinator 
(commercially available multifunctional example).   
 
Plant species 
Percentage weight contribution to the following 
seed mixes: 
 






Achillea millefolium  2.00 5.00   2.00 
Centaurea nigra  2.00 5.00 12.50 1.00 
Daucus carota ssp carota 2.00 5.00   3.00 
Galium album      2.00 
Heracleum sphondylium     4.00   
Hypochaeris radicata  0.50 1.25 0.25   
Leontodon hispidus     12.00   
Leucanthemum vulgare  2.00 5.00 12.50 2.00 
Lotus corniculatus  2.00 5.00     
Primula vulgaris  1.00 1.50 2.00   
Ranunculus acris  2.00 6.25 12.25 2.00 
Silene dioica  2.00 5.00 12.00 2.00 
Stachys sylvatica  1.00 2.50   2.00 
Taraxacum officinale agg. 2.00 5.00 10.00   
Trifolium pratense  0.50 1.25 10.00 1.00 
Trifolium repens  0.50 1.25 10.00   
Veronica chamaedrys  0.50 1.00 2.50   







 Agrostis capillaris  10.00 6.25     
Alopecurus pratentsis        
Dactylis glomerata  10.00 6.25   10.00 
97 
 
Festuca rubra  50.00 31.25   30.00 
Phleum pratense       10.00 
Schedonorus arundinaceus       10.00 
Schedonorus pratensis  10.00 6.25   20.00 
 
5-2.2 Study sites and experimental design 
In April 2015, the seed mixes were hand-sown with five replications in a randomised-block 
design on sandy-loam soil at Harper Adams University, Shropshire, England and on 
heavy clay soil at Game and Wildlife Conservation Trust Loddington Farm, Leicestershire, 
England. The multifunctional vegetative strip with 20% forbs and 80% grasses (MVS) and 
the commercial example of a multifunctional strip (OPVS) were sown at 2 g/m2 and the 
multifunctional strip with 50% forbs and 50% grasses (MVSH) and pollinator support 
vegetative strip (PSVS) at 1 g/m2, on 4m by 4m plots with a 1m sown grass buffer in-
between. 
5-2.3 Floral cover and pollinator visitation surveys 
Starting on 20th July 2015, percentage floral cover (% ground cover) of each plant 
species, as a measure of floral support for pollinators, was recorded every month. 
Percentage floral cover was also recorded on the same day as each pollinator survey, in 
addition to the monthly surveys, so that the influence from this variable could be included 
in the final analysis. 
Pollinator visitation surveys were conducted during Spring and Summer in 2016 and 2017. 
At Harper Adams, five full surveys of the site were conducted in 2016 and 13 in 2017. At 
Loddington, 17 full surveys were conducted in 2017. The observer stood at each corner of 
a randomly selected plot, in a randomly selected block, for one minute. This was repeated 
for each plot on the site. The observer watched any pollinators that visited a plant and 
recorded the pollinator species and the plant species it visited. Pollinator species were 
collated into groups including ‘Hoverflies’, ‘Other flies’, ‘Beetles’, ‘Solitary bees’, 
‘Bumblebees’, ‘Honeybees’, ‘Wasps’, ‘Moths’ and ‘Butterflies’. A ‘pollinator visit’ was 
defined as any collection of pollen or nectar by the insect, no scoping flights were 
included. Surveys were conducted approximately 10 days apart and only between 10am 
and 4pm on dry, sunny days with an ambient temperature above 15°C.  
5-2.4 Statistical analyses 
All analyses were conducted in R version 3.4.2. We evaluated the effect of vegetative strip 
type on percentage floral cover and floral species richness with repeated measures 
ANOVAs. Post hoc (LSD) tests were performed for significant factors in the analyses. All 
ANOVA assumptions were achieved. A general linear model (GLM) was used to analyse 
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the pollinator visitation data, with either a poisson or quasipoisson distribution, depending 
on the level of dispersion in the data. Visits to each plant species were analysed as a 
whole and then also split into the individual pollinator groups. The identification of the 
different observers was included in the analysis and was found to have no significant 
effect on pollinator visitation rates made to different plant species. 
Pollinator species group richness and diversity were calculated and analysed using the 
GLM. 
Pollinator species group diversity was calculated with the Shannon diversity index using 
the following equation: 




where p is the proportion (n/N) of individuals of one particular species found (n) divided by 
the total number of individuals found (N) and s is the number of species. 
5-3 Results 
5-3.1 Floral resources 
5-3.1.1 Percentage floral cover 
A significant interaction (F4,7 = 5.14, P < 0.001) between survey month and vegetative 
strip type for floral cover was observed, due to this, floral cover was analysed for each 
month individually. Across the three years there was less overall floral cover in the 
vegetative strips at Loddington than at Harper Adams (Figure 5-1 a and b). In the first year 
of establishment in 2015, at both sites, the 20-40% floral cover that was provided across 
the vegetative strips came from non-sown annual species from the seed bank in the soil. 
These included species such as Polygonum aviculare, Veronica persica and Matricaria 
perforata. 
The greatest difference in floral cover for all vegetative strip types at both sites between 
2016 and 2017, was seen in July, August and September. Some plant species observed 
were the same, including Daucus carota and Silene dioica at Harper Adams and 
Centaurea nigra and Leucanthemum vulgare at Loddington, however there was 
considerably less D. carota at both sites in 2017 than 2016.  
From April/May 2016 differences were observed between the vegetative strips at both 
sites, but these varied across the flowering seasons. At both sites, the multifunctional 
vegetative strip with 50% forbs and 50% grasses (MVSH) had consistently higher floral 
support than the multifunctional vegetative strip with 20% forbs and 80% grasses (MVS), 
see Figure 5-1. Also, the pollinator support vegetative strip (PSVS) had significantly higher 




























5-3.1.2 Floral species richness 
There was a significant interaction (F4,7 = 1.98, P < 0.001), between survey month and 
vegetative strip type for floral species richness, and again each month was analysed 
individually (Table 5-2). At both sites floral species richness in all vegetative strips 
decreased over the three years, between September 2015 and 2017, from an average of 
9.1 to 1.9 at Harper Adams, and 2.65 to 0.85 at Loddington. The multifunctional vegetative 
strip with 50% forbs and 50% grasses (MVSH) provided the highest species richness out 
of all of the vegetative strips at Harper Adams in 71% of the months surveyed and 41% of 
the months at Loddington, see Table 5-2. In particular, at Harper Adams it was almost 
always significantly higher than the other vegetative strips from June to September 2017. 
At Loddington, the species richness was highest in the multifunctional vegetative strip with 
50% forbs and 50% grasses (MVSH) in five of the surveyed months and highest in the 
multifunctional strip with 20% forbs and 80% grasses (MVS) in six of the surveyed 
months. Here, the multifunctional vegetative strip with 50% forbs and 50% grasses 
(MVSH) was only significantly higher in September 2016, see Table 5-2. In addition, the 
only time where the pollinator support vegetative strip (PSVS) had the highest species 
richness was between April & June 2016. 
Table 5-2 The effect of vegetative strip type on mean floral species richness at sites a) 
Harper Adams and b) Loddington. Vegetative strip types are depicted as: MVS = 
Multifunctional strip (20% forbs, 80% grasses), MVSH = Multifunctional strip (50% forbs, 
50% grasses & lower sowing rate), PSVS = pollinator support strip (100% forbs) and 
OPVS = Commercial example of multifunctional strip (80% grasses, 20% forbs). 
Vegetative strips with the same letter are not significantly different (P<0.05). The highest 
value for mean floral richness of each month is in bold. 
Date 
  Mean species richness P F4,7 
Site MVS MVSH OPVS PSVS 
Jul-15 
HAU 10.4 ab 11.0 a 8.6 b 9.8 ab 0.266 1.30 
LODD 6.0 a 6.0 a 6.0 a 3.7 a 0.136 1.98 
Aug-15 
HAU 9.4 a 10.8 a 7.0 b 9.0 ab 0.021 2.90 
LODD 7.2 a 8.0 a 4.2 b 6.2 ab 0.002 4.59 
Sep-15 
HAU 8.6 a 10.2 a 9.2 a 8.4 a 0.645 0.70 
LODD 3.6 a 3.0 ab 1.6 ab 2.4 ab 0.363 1.15 
Mar-16 
HAU 0.4 a 0.4 a 0.2 a 0.0 a 0.726 0.60 
LODD 0.0 a 0.0 a 0.0 a 0.0 a 0.000 0.00 
Apr-16 
HAU 1.4 a 1.4 a 1.8 a 1.4 a 0.763 0.60 
LODD 0.2 a 1.0 ab 0.4 a 1.4 b 0.021  2.89 
May-16 
HAU 2.2 b 6.0 a 5.0 a 5.2 a <0.001 6.90 
LODD 2.8 a 3.2 a 2.4 a 3.2 a <0.001  8.68 
Jun-16 
HAU 8.2 a 7.2 a 5.4 b 5.8 b <0.001  19.90 
LODD 4.2 ab 5.0 a 2.8 b 4.4 ab 0.0015  4.67 
Jul-16 
HAU 7.4 a 8.0 a 6.8 a 6.8 a <0.001  10.50 




HAU 5.4 a 5.0 a 4.6 a 4.2 a 0.012 3.30 
LODD 4.4 a 4.8 a 2.6 bc 4.0 ab <0.001  8.07 
Sep-16 
HAU 0.8 a 1.4 a 1.0 a 1.0 a 0.012 3.20 
LODD 0.0 b 0.4 a 0.0 b 0.2 ab 0.101 1.94 
Mar-17 
HAU 1.4 a 1.4 a 0.8 a 1.2 a 0.132 1.80 
LODD 0.0 a 0.0 a 0.0 a 0.0 a 0.000 0.00 
Apr-17 
HAU 3.0 a 3.4 a 3.6 a 3.2 a <0.001  9.80 
LODD 1.2 a 1.6 a 1.4 a 1.2 a 0.005 3.87 
May-17 
HAU 2.6 a 3.4 a 3.0 a 3.0 a 0.041 2.50 
LODD 2.8 a 2.6 a 2.2 a 2.2 a <0.001 12.24 
Jun-17 
HAU 3.6 b 4.6 a 3.6 b 3.4 b <0.001 14.30 
LODD 4.8 ab 5.8 a 3.8 b 5.6 a <0.001 7.49 
Jul-17 
HAU 4.2 b 5.6 a 4.6 ab 4.2 b <0.001 8.00 
LODD 4.6 a 3.0 a 3.6 a 4.2 a 0.0207  2.90 
Aug-17 
HAU 3.0 b 5.0 a 3.6 b 3.6 b <0.001 6.90 
LODD 3.4 a 3.2 a 2.2 a 3.2 a 0.034 2.59 
Sep-17 
HAU 0.8 a 3.0 c 1.4 ab 2.4 bc 0.012 3.20 
LODD 1.2 a 1.2 a 1.0 a 0.0 b 2.201 0.07 
 
5-3.2 Pollinator visitation 
5-3.2.1 Pollinator plant species preferences 
At Harper Adams, 23 plant species were visited by pollinators, of these, 17 were visited by 
Hoverflies, 18 by Other flies, 16 by Beetles, 14 by Solitary bees, 13 by Bumblebees, 8 by 
Wasps, 7 by Moths and 4 by Butterflies. At Loddington, 18 plant species were visited by 
pollinators, of these, 14 were visited by Hoverflies, 16 were visited by Other flies, 12 by 
Bumblebees, 11 by Beetles, 10 by Solitary bees, 6 by Honeybees, 6 by Butterflies, 5 by 
Wasps and 5 by Moths. At both sites Other flies were the species group that visited the 
highest number of different plant species. 
Results of the analysis for pollinator groups where there were significant differences in 
number of visits to different plant species are presented in Tables 5-3 and 5-4. Mean 
species group richness and diversity are presented in these tables and all mean number 
of visits per plant species for each pollinator group are presented in Figures 5-2 a) and b). 
At Harper Adams, no significant differences were observed between the visited plant 
species for Solitary bees, Wasps, Butterflies, Moths or Beetles. Also, at Loddington, no 
significant differences in number of visits to different plant species were observed for 
Solitary bees, Bumblebees, Wasps and Moths. Pollinator species groups where significant 
differences were observed in numbers of visits to different plant species are summarised 
here. 
At Harper Adams, the three plant species that received the most visits from all pollinators, 
Daucus carota (1.28 ± 0.20), Achillea millefolium (0.60 ± 0.20) and Leucanthemum 
vulgare (0.99 ± 0.20), see Table 5-3. The three most visited plant species at Loddington 
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included L. vulgare (0.97 ± 0.13), but also, Heracleum sphondylium (1.17 ± 0.13) and 
Centaurea nigra (0.61 ± 0.13).  
Specific plant species were preferred by different pollinator species groups. At Harper 
Adams, the highest mean number of visits by Bumblebees were observed on Trifolium 
pratense (0.75 ± 0.22), Lotus corniculatus (0.15 ± 0.23) and C. nigra (0.09 ± 0.24). L. 
vulgare (0.11 ± 1.01), D. carota (0.11 ± 1.01), C. vulgare (0.08 ± 1.01) Silene dioica (0.07 
± 1.02), C. nigra (0.06 ± 1.01), A. millefolium (0.06 ± 1.01) and all of these plant species 
received comparably higher numbers of visits by Hoverflies. D. carota (0.66 ± 0.71) and A. 
millefolium (0.50 ± 0.71) also received significantly more visits by other flies. Overall D. 
carota (0.33 ± 0.31) had the highest species group richness of pollinator visits with similar 
numbers for L. vulgare (0.12 ± 0.31), C. nigra (0.17 ± 0.32) and A. millefolium (0.20 ± 
0.32). D. carota also received highest species group diversity of pollinator visits (0.091 ± 
1.64) with similar diversities seen on L. vulgare (0.04 ± 1.64), C. vulgare (0.04 ± 1.64) and 
C. nigra (0.03 ± 1.64). 
At Loddington, the highest mean number of visits by Hoverflies were observed on H. 
sphondylium (0.19 ± 0.58), C. nigra (0.11 ± 0.59) and L. vulgare (0.10 ± 0.60). The highest 
number of other flies were also observed on H. sphondylium (0.67 ± 0.14) and L. vulgare 
(0.51 ± 0.14), but also Ranunculus acris (0.38 ± 0.14). C.nigra received the most visits by 
Butterflies (0.23 ± 1.07), and L. vulgare received the most visits by Beetles (0.33 ± 0.51). 
Overall H. sphondylium had the highest species group richness of pollinator visits (0.41 ± 
0.22) with similar numbers for L. vulgare (0.34 ± 0.22) and C. nigra (0.34 ± 0.22). H. 
sphondylium also received the highest species group diversity of pollinator visits (0.10 ± 
0.63) with similar diversities seen on C. nigra (0.09 ± 0.64) and L. vulgare (0.07 ± 0.64). 
Table 5-3 Mean pollinator visits to flowering plant species present on the Harper Adams site. * P < 0. 05, ** P < 0.01, *** P < 0.001. Plant species with 




SE z p SE z p SE z p SE z p Mean SE z p Mean SE z p
Dactylis glomerata 0.73 -3.51 *** a 910.60 -0.02 0.985 abcdefg 1004.00 -0.02 0.988 abcde 367.30 -0.04 0.971 abcdef 0.002 1.04 -2.26 * ab 0.000 1009.00 -0.01 0.989 abc
Succisa pratensis 0.73 -3.51 *** a 911.70 -0.02 0.985 abcdefg 1.41 0.03 0.974 abcd 1.23 -0.56 0.578 ab 0.003 0.77 -2.17 * a 0.001 2.02 0.32 0.752 abc
Ranunculus repens 0.54 -3.51 *** a 911.80 -0.02 0.985 abcdefg 1004.00 -0.02 0.988 abcde 1.23 -0.56 0.578 ab 0.005 0.65 -1.94 0.053 a 0.001 2.02 0.32 0.752 abc
Veronica chamaedrys 0.54 -3.55 *** a 911.60 -0.02 0.985 abcdefg 1.41 0.01 0.990 abc 366.80 -0.04 0.971 abcdef 0.003 0.77 -2.20 * a 0.000 1008.00 -0.01 0.989 abc
Vicia cracca 0.54 -3.51 *** a 0.54 -3.05 ** ab 1004.00 -0.02 0.988 abcde 367.10 -0.04 0.971 abcdef 0.003 0.77 -2.17 * a 0.000 1010.00 -0.01 0.989 abc
Cirsium arvense 0.49 -3.40 *** a 911.70 -0.02 0.985 abcdefg 1004.00 -0.02 0.988 abcde 0.84 1.11 0.267 ab 0.006 0.58 -1.67 0.095 a 0.000 1010.00 -0.01 0.989 abc
Jacobaea vulgaris 0.40 -2.94 ** a 1.02 -2.97 0.003 abc 1004.00 -0.02 0.988 abcde 0.82 1.36 0.174 ab 0.008 0.54 -1.39 0.164 a 0.000 1010.00 -0.01 0.989 abc
Hypochaeris radicata 0.36 -2.43 0.015 a 910.30 -0.02 0.986 abcdefg 1.41 0.03 0.976 abcd 0.91 0.46 0.648 ab 0.009 0.51 -1.13 0.261 a 0.001 2.26 0.05 0.960 abc
Heracleum sphondylium 0.30 -1.23 0.220 ab 911.70 -0.02 0.985 abcdefg 1.16 0.99 0.322 a 0.78 1.94 0.052 b 0.136 0.44 -0.13 0.895 ab 0.019 1.76 1.04 0.298 ab
Brassica napus 0.30 -1.06 0.290 ab 0.61 -3.19 ** ab 991.20 -0.02 0.988 abcde 0.78 1.87 0.062 b 0.016 0.43 0.02 0.988 ab 0.004 1.81 0.80 0.423 ab
Trifolium hybridum 2.11 5.42 *** ab 5.58 20.95 *** bcd 6.69 2.55 * abc 5.03 -12.42 *** ab 0.017 3.44 11.33 *** ab 0.003 9.43 1.41 0.160 abc
Lactuca serriola 0.27 0.11 0.912 ab 912.20 -0.02 0.985 abcdefg 1.03 2.66 ** abcde 0.84 1.11 0.269 ab 0.017 0.40 0.87 0.383 abc 0.001 1.77 0.99 0.323 ab
Trifolium repens 0.24 2.53 * bc 0.26 2.40 * cde 1.23 0.58 0.559 a 367.50 -0.04 0.971 abcdef 0.023 0.36 2.17 * abc 0.003 1008.00 -0.01 0.989 abc
Taraxacum officinale agg. 0.23 4.03 *** c 0.61 -3.27 ** ab 1.16 0.90 0.368 a 0.75 2.81 ** bc 0.038 0.34 3.83 *** cde 0.000 1.75 1.02 0.307 ab
Lotus corniculatus 0.22 5.68 *** c 0.23 5.68 *** fg 1.41 -0.05 0.961 ab 364.40 -0.04 0.970 abcdef 0.066 0.34 3.38 *** bcd 0.004 1.86 0.62 0.536 ab
Silene dioica 0.23 -2.04 * a 0.32 -3.86 *** a 1.02 2.07 * a 0.77 -0.54 0.587 a 0.058 0.33 2.23 * abc 0.002 1.67 1.12 0.263 a
Ranunculus acris 0.21 9.00 *** d 912.10 -0.02 0.985 abcdefg 1.16 0.97 0.334 a 0.79 1.72 0.085 b 0.064 0.34 3.92 *** cde 0.001 1.97 0.40 0.691 abc
Centaurea nigra 0.20 9.60 *** d 0.24 3.46 *** def 1.01 3.53 *** bcde 0.71 5.35 *** e 0.169 0.32 7.00 *** fg 0.034 1.64 2.42 * bc
Cirsium vulgare 0.20 10.30 *** de 0.23 4.62 *** ef 1.01 3.68 *** e 0.72 4.87 *** de 0.184 0.32 6.93 *** fg 0.037 1.64 2.43 * bc
Achillea millefolium 0.20 13.26 *** gh 912.40 -0.02 0.985 abcdefg 1.01 3.60 *** cde 0.71 7.08 *** f 0.195 0.32 5.93 *** efg 0.005 1.66 2.01 * abc
Trifolium pratense 0.20 11.92 *** ef 0.22 6.96 *** g 1.12 0.69 0.491 a 0.80 1.26 0.208 ab 0.272 0.32 5.77 *** def 0.045 1.72 0.99 0.322 a
Leucanthemum vulgare 0.20 12.89 *** fg 1.02 -3.47 *** ab 1.01 3.65 *** de 0.72 4.16 *** cd 0.116 0.31 7.51 *** g 0.016 1.64 2.31 * bc
Daucus carota 0.20 14.24 *** h 1.02 -4.59 *** a 1.01 3.56 *** cde 0.71 7.00 *** f 0.331 0.31 7.54 *** g 0.091 1.64 2.75 ** c
Shannon species group diversity
Plant species
Total pollinators Bumblebees Hoverflies Other flies Species group richness
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Table 5-4 Mean pollinator visits to flowering plant species present at the Loddington site. * P < 0. 05, ** P < 0.01, *** P < 0.001. Plant species with the 




SE z p SE z p SE z p SE z p SE z p SE z p SE z p
Daucus carota 6.81 -6.65 <0.001 *** cde 17.09 -2.69 0.007 ** a 8.56 -6.28 <0.001 *** cd 93.40 -0.84 0.402 ab 20.39 1.79 0.073 a 10.08 -4.61 <0.001 *** ab 23.08 -1.24 0.214 a
Rubus fruticosus 1.01 -4.21 <0.001 *** a 978.68 -0.02 0.987 abcde 355.90 -0.05 0.962 abcdefg 4268.00 0.00 0.997 ab 975.18 -0.02 0.987 abcd 1.02 -3.07 0.002 ** a 982.08 -0.02 0.987 abc
Lotus corniculatus 0.40 -5.80 <0.001 *** a 980.42 -0.02 0.987 abcde 1.01 -4.09 <0.001 *** a 4273.00 0.00 0.997 ab 0.71 -0.03 0.980 a 0.54 -3.25 0.001 ** ab 1.54 -1.08 0.280 abc
Hypochaeris radicata 0.72 -4.94 <0.001 *** a 979.32 -0.02 0.987 abcde 356.10 -0.05 0.962 abcdefg 4271.00 0.00 0.997 ab 975.77 -0.02 0.987 abcd 1.02 -3.07 0.002 ** f 982.65 -0.02 0.987 abc
Centaurea nigra 0.13 8.19 <0.001 *** g 0.59 4.86 <0.001 *** d 0.23 -4.43 <0.001 *** ab 1.07 1.79 0.073 b 0.55 2.24 0.025 * a 0.22 8.57 <0.001 *** de 0.64 4.17 <0.001 *** bc
Ranunculus repens 0.14 5.32 <0.001 *** f 0.60 3.52 <0.001 *** abc 0.15 3.88 <0.001 *** e 2822.00 -0.01 0.994 ab 0.57 1.04 0.300 a 0.24 3.18 0.001 ** cde 0.68 1.82 0.069 a
Cirsium arvense 0.16 0.81 0.419 de 0.63 2.77 0.006 ** abc 0.21 -2.29 0.022 *  bc 1.16 0.91 0.365 b 0.56 2.59 0.010 ** ab 0.25 2.81 0.005 ** abc 0.73 1.23 0.219 a
Taraxacum officinale agg. 0.25 -4.82 <0.001 *** ab 0.82 -0.01 0.990 a 0.30 -5.00 <0.001 *** ab 4257.00 0.00 0.997 ab 0.71 -0.03 0.979 a 0.31 -0.49 0.621 ab 1.40 -1.02 0.308 ab
Myosotis laxa 1.01 -4.21 <0.001 *** a 977.95 -0.02 0.987 abcde 1.01 -4.08 <0.001 *** a 4265.00 0.00 0.997 ab 974.42 -0.02 0.987 abcd 1.02 -3.08 0.002 ** g 981.35 -0.02 0.987 abc
Heracleum sphondylium 0.13 16.91 <0.001 *** j 0.58 6.22 <0.001 *** e 0.14 13.62 <0.001 *** g 3963.00 -0.01 0.996 ab 0.52 4.79 <0.001 *** c 0.22 10.82 <0.001 *** e 0.63 4.96 <0.001 *** c
Epilobium palustre 0.18 -1.65 0.100 bcd 0.65 2.10 0.036 *  abc 0.28 -4.88 <0.001 *** ab 4291.00 0.00 0.997 ab 984.54 -0.02 0.987 abcd 0.24 4.58 <0.001 *** f 0.69 1.97 0.049 * a
Ranunculus acris 0.13 10.80 <0.001 *** hi 0.60 3.82 <0.001 *** cd 0.14 8.99 <0.001 *** f 3417.00 -0.01 0.995 ab 0.52 4.42 <0.001 *** bc 0.22 7.62 <0.001 *** f 0.65 3.14 0.002 ** ab
Leucanthemum vulgare 0.13 11.37 <0.001 *** i 0.60 3.96 <0.001 *** cd 0.14 7.43 <0.001 *** f 1.66 -2.75 0.006 ** a 0.51 6.17 <0.001 *** d 0.22 7.35 <0.001 *** a 0.64 3.30 <0.001 *** ab
Senecio jacobaea 0.59 -5.32 <0.001 *** a 0.91 -0.45 0.654 ab 356.10 -0.05 0.962 abcdefg 1.41 0.00 0.999 ab 975.90 -0.02 0.987 abcd 0.74 -3.32 <0.001 *** bcd 1.40 -1.01 0.311 ab
Silene dioica 0.20 -2.97 <0.001 *** bc 0.76 0.35 0.728 ab 0.23 -3.39 <0.001 *** abc 4271.00 0.00 0.997 ab 1.12 -1.27 0.203 a 0.28 0.75 0.453 abcdefg 1.07 -0.66 0.511 a
Trifolium pratense 217.40 -0.07 0.941 abcdefghij 980.09 -0.02 0.987 abcde 356.50 -0.05 0.962 abcdefg 4274.00 0.00 0.997 ab 976.56 -0.02 0.987 abcd 360.10 -0.04 0.965 ab 983.51 -0.02 0.987 abc
Crepis biennis 0.24 -4.58 <0.001 *** ab 0.82 0.00 0.997 a 0.26 -4.45 <0.001 *** ab 4274.00 0.00 0.997 ab 976.65 -0.02 0.987 abcd 0.37 -2.02 0.043 * abcdefg 0.98 -0.44 0.663 a
Cirsium vulgare 217.40 -0.07 0.941 abcdefghij 980.13 -0.02 0.987 abcde 356.50 -0.05 0.962 abcdefg 4275.00 0.00 0.997 ab 976.61 -0.02 0.987 abcd 360.10 -0.04 0.965 abcdefg 983.54 -0.02 0.987 abc
Vicia cracca 217.60 -0.07 0.941 abcdefghij 980.81 -0.02 0.987 abcde 356.70 -0.05 0.962 abcdefg 4278.00 0.00 0.997 ab 977.34 -0.02 0.987 abcd 360.30 -0.04 0.965 abcdefg 984.24 -0.02 0.987 abc
Trifolium repens 217.60 -0.07 0.941 abcdefghij 980.84 -0.02 0.987 abcde 356.70 -0.05 0.962 abcdefg 4277.00 0.00 0.997 ab 977.32 -0.02 0.987 abcd 360.30 -0.04 0.965 bcde 984.26 -0.02 0.987 abc
Angelica sylvestris 0.14 8.05 <0.001 *** gh 0.61 3.59 <0.001 *** bcd 0.15 7.44 <0.001 *** f 4272.00 0.00 0.997 ab 976.14 -0.02 0.987 abcd 0.27 1.64 0.101 abcd 0.74 1.10 0.273 a
Achillea millefolium 0.15 3.04 0.002 ** ef 0.62 2.81 0.005 ** abc 0.16 2.38 0.017 * de 4198.00 0.00 0.997 ab 0.87 -0.86 0.388 a 0.25 2.76 0.006 ** cde 0.73 1.23 0.218 a
Shannon species group diversityHoverflies Other flies Species richness
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5-4. Discussion  
5-4.1 Floral cover 
The provision of the initial floral support in 2015 by the non-sown annuals did not appear 
to be detrimental to the establishment of the sown species in subsequent years. In 
addition, they provided a source of floral support whilst the sown perennial species 
establish. Also, there was considerably lower cover of D. carota at both sites in 2017 
when compared to 2016. This was likely due to the life-history of D. carota as it is a 
monocarpic perennial, meaning it can complete its growth cycle within two years, but often 
persists for longer (Grime et al., 2007).  
From April/May 2016 we observed differences between the vegetative strips at both sites, 
but these varied across the flowering seasons. The multifunctional vegetative strip with 
50% forbs and 50% grasses (MVSH) had consistently higher floral support than the 
multifunctional vegetative strip with 20% forbs and 80% grasses (MVS). These results 
demonstrate an increased proportion of forbs in the seed mix can directly increase the 
amount of floral support that is provided in a multifunctional vegetative strip, even when 
the mix is sown at a lower rate.  
The decrease in floral support in 2017 was slightly smaller for the pollinator support 
vegetative strip (PSVS) and multifunctional vegetative strip with 50% forbs and 50% 
grasses (MVSH). In fact, the MVS actually had higher (30-40%) floral cover at Harper 
Adams in April 2017 and similar cover in May and June 2017 at both sites. This could be 
explained by the reduced presence of sown grass species in these two vegetative strips, 
which are likely to be competing with the forbs in the vegetative strip with 20% forbs and 
80% grasses (MVS) and the commercial example of a multifunctional strip (OPVS). Also, 
in June 2017 the MVSH, OPVS and PSVS all had significantly higher floral cover by 30-
40%, than the MVS at Harper Adams, whilst at Loddington only the PSVS had 
significantly higher cover. The difference between the two sites here is interesting as we 
would expect the grasses sown in the multifunctional mixes to start to out-compete the 
forbs, whilst this is what happened at Loddington, it did not happen at Harper Adams. It is 
likely that the grasses established quicker at Loddington than Harper Adams, due to the 
increased fertility of the soil (Grime et al., 2007), and this could be the reason for the lower 
overall floral cover at Loddington. So, at Harper Adams, with a slower establishment of the 
grasses we may be observing the increased competition with forbs in the MVS and OPVS 
from Dactylis glomerata, as it is classified by Grime et al., (2007) to be competitive, stress 
tolerant and ruderal. The difference between the MVS and OPVS may arise from the MVS 
including only four grass species so D. glomerata constitutes 20% of the mix whilst the 
OPVS has five grass species so only 16% D. glomerata. Considering this, it may be 
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necessary to decrease the proportion of D. glomerata in this seed mix, to help reduce the 
competition. 
The pollinator support vegetative strip (PSVS) provided more floral support than the other 
vegetative strips in the early flowering season (April/May) in 2016 and 2017, at both sites. 
A large proportion of this cover (up to 38%) was provided by Silene dioica. This is key as 
S. dioica is known to be highly visited by bees (Kirk & Howes, 2012) so it could be a key 
species to include in seed mixes to provide support for early emerging pollinators. Further 
research to determine whether an increase in S. dioica would lead to increased 
populations would further support these results. 
5-4.2 Floral species richness 
The multifunctional vegetative strip with 50% forbs and 50% grasses (MVSH) almost 
consistently provided the highest species richness throughout the three years at Harper 
Adams. The same pattern was not seen at Loddington, where the MVSH only had higher 
species richness in five of the months, but the multifunctional vegetative strip with 20% 
forbs and 80% grasses (MVS) had the highest in six of the months. As the same species 
were included in these seed mixes, similar species richness is expected in both of these 
vegetative strips. The reason we may have seen a difference at Harper Adams, could be 
due to the increased proportions of forbs in the MVSH seed mix. With more seeds, the 
forbs that establish well on sandy loam soils (e.g. Achillea millefolium, Centaurea nigra 
and Daucus carota), may have had a better chance at establishment on this site (Grime et 
al., 2007). This is reflected in the overall higher species richness at Harper Adams than 
Loddington in all of the vegetative strips. 
5-4.3 Pollinator visitation 
In total 23 different plant species were visited by pollinators at Harper Adams and 18 at 
Loddington. At both sites the species that were shown to receive the most visits across 
the pollinator species groups (A. millefolium, C. nigra, D. carota, H. sphondylium and L. 
vulgare) (Figure 2b), all had a large floral display size, showing a positive relationship with 
this plant trait and visits from pollinators. This is key because a larger floral display size 
was shown to be preferred by pollinators in Chapter 2 and therefore essential when 
designing vegetative strip seed mixes to support crop pollination (Chapter 3). The findings 
from this study also support the argument for using these plant species within vegetative 
strips when supporting pollinator species. 
5-4.3.1 Total pollinator preferences 
The species that were shown to receive the most visits across the pollinator species 
groups (A. millefolium, C. nigra, D. carota, H. sphondylium and L. vulgare) were all 
included in the multifunctional vegetative strip with 20% forbs and 80% grasses (MVS) 
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and the multifunctional strip with 50% forbs and 50% grasses (MVSH) and they 
established and persisted throughout the three years surveyed. These findings correlate 
with the study undertaken by Wood et al. (2015) who found these species to be popular 
with bees and wasps, with the exception of H. sphondylium. This is likely because 
Hoverflies and other flies were not included in this study, and they were the main visitors 
to this species. These five species may be key when designing perennial vegetative strip 
seed mixes to support pollinators. 
5-4.3.2 Bumblebee preferences 
It is known that Trifolium pratense is preferred by long-tongued Bumblebees (Carvell et 
al., 2006) and this is reflected in the observed higher visitation rates that this plant species 
received when compared to others at Harper Adams. Bumblebees are one of the most 
effective pollinator groups for Brassica napus and Lycopersicon esculentum crop 
pollination (Asada and Ono, 1996; Stanley et al., 2013), so inclusion of T. pratense could 
be essential to support this ecosystem service. All of the vegetative strips at Harper 
Adams provided comparable floral cover of T. pratense in the 2016 flowering season, but 
very few flowers were observed in 2017 or at all at Loddington. This may indicate that T. 
pratense only provides initial substantial support on sandy loam soils. Whilst studies have 
been undertaken to increase the persistence of T. pratense (e.g. Marshall et al., 2012) it is 
likely that different, more persisting plant species are required to provide continued 
support for Bumblebees. Both of the multifunctional vegetative strips (MVSH and MVS) 
included Lotus corniculatus, which was also shown to be popular amongst bumblebees 
and this is in accordance with what is already known about their preferences (Kirk and 
Howes, 2012). Approximately 5% floral cover of L. corniculatus was observed in both 
vegetative strips in 2016 and 2017, showing persisting support by this plant species. 
However, again, this plant species did not establish at all at Loddington, so T. pratense 
and L. corniculatus should potentially be sown with caution on heavy clay soils. Centaurea 
nigra, which was also preferred by bumblebees, showed the same trend in persistence as 
L. corniculatus, but it also received the most visits from Bumblebees at Loddington, 
therefore if trying to target all soils, this may be a key plant species to include for pollinator 
support. 
It is also worth noting that Cirsium vulgare, a non-sown species, received a similar 
visitation rate to L. corniculatus and C. nigra at Harper Adams. Unfortunately, this is 
generally not a favourable plant species with farmers having been classified as injurious 
under the Weeds Act 1959 and so is usually removed. However, whilst Cirsium arvense 
can cause considerable damage in arable crops (Donald, 1990), C. vulgare rarely persists 
through the crop rotation (Moss, 2016). If it could be managed so that it does not spread 
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into adjacent crops from the field margins, then it could provide another valuable source of 
floral support. 
5-4.3.3 Hoverfly preferences 
Of the sown plant species across the two sites, H. sphondylium, S. dioica, C. nigra, L. 
vulgare, A. millefolium and D. carota all received comparably higher numbers of visits by 
hoverflies, indicating a range of preferences by this species group. Whilst some of these 
species were also preferred by bumblebees, which are usually the main target for 
vegetative strips for pollinator support, A.millefolium, D. carota and L. vulgare were not. 
Whilst providing some pollination services as adults, hoverflies in their larval form are also 
predators of crop pests (Raymond et al., 2014), so if these preferred plant species were 
included in seed mixes, an increase in the functionality of the vegetative strips could be 
seen. Epilobium palustre, C.vulgare and Lactuca serriola were also preferred by 
hoverflies, but again they are often disliked by farmers and removed. 
5-4.3.4 Other flies 
This species group was seen to visit the highest variety of plant species, 18 out of 23 at 
Harper Adams, and 16 out of 18 at Loddington. This was expected as there are over 5000 
species in this group in the UK (Oldroyd, 1970). It is also consistent with findings from 
Grass et al. (2016) where 75% of flower visiting insects that were observed consisted of 
flies (other than hoverflies). D. carota and A. millefolium received significantly more visits 
than any other plant species at Harper Adams and so did H. Sphondylium at Loddington. 
This is likely due to their large floral display size, which has been shown to be preferred by 
flies and other pollinator groups by Mølller & Sorci (1998). Despite this, these three plant 
species are not regularly included in a single-focus vegetative strip for pollinator support 
as they are not frequently used by Bumblebees and Honeybees, which tend to be the 
main target organisms. Flies have a huge potential to contribute to pollination and 
agricultural production (Ssymank et al., 2008; Inouye et al., 2015), and so it is 
recommended that these plant species are considered for inclusion in vegetative strips for 
pollinator support. 
5-4.3.5 Species group richness and diversity 
Across the two sites D. carota and H. sphondylium had the highest species group 
richness of pollinator visits and A. millefolium, C. nigra, L. vulgare, had similar scores. 
These plant species all have a large floral display size and so this trait seems to support 
the widest range of pollinators as well as receive the highest number of visits by 
pollinators. This association is further confirmed because the same plant species had the 
highest species group diversity of pollinator visits, with the exception of A. millefolium. 
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5-4.3.6 Other pollinator groups 
It is likely that no significant differences were observed in plant species visits between 
some of the pollinator groups because there was a very small number of observations of 
each in the surveys. They were included in the total counts for pollinators and the species 
richness and diversity measures, so their influence may still be seen here. Interestingly, 
the widest range of plant species were visited by Solitary Bees (Harper Adams: 14, 
Loddington: 10) and Beetles (Harper Adams: 16, Loddington: 11), but significant 
differences were only observed at Loddington for Beetles where significantly more visited 
L. vulgare. If further surveys could be undertaken to increase observation numbers, it may 
be possible to better understand which plant species they prefer within these vegetative 
strips. 
5-5. Conclusion 
This study demonstrates that an increase in the functionality of a vegetative strip can 
positively affect the support provided for pollinators, depending on the proportion of forbs 
sown. Whilst the multifunctional vegetative strip with 20% forbs and 80% grasses (MVS) 
provided less floral resources in the third year of establishment than the single-focus strip 
(PSVS), the multifunctional vegetative strip with 50% forbs and 50% grasses (MVSH) 
provided the most floral support at both sites with the most variety and the most visited 
plant species by pollinators, despite its lower sowing rate.  
The additional floral support that was provided by non-sown annual plant species provided 
a bonus source of support and should not be removed if possible. Also, a key early 
flowering plant species to include in vegetative strip seed mixes is S. dioica as it persisted 
throughout the three years and provided substantial floral support in April and May when 
other floral species had not yet begun to flower. Whilst it did not receive large numbers of 
pollinator visits at either site, this is likely due to lower pollinator populations in the early 
flowering season and so only a few individuals would be observed foraging. Early 
flowering plants have been proven to be essential in supporting Solitary bee and 
Bumblebee populations as these groups contain numerous species that emerge in April 
and May (Williams, 2012). 
In total, 23 plant species were used by pollinators at Harper Adams and 18 at Loddington, 
but an overall preference was observed for Achillea millefolium, Centaurea nigra, Daucus 
carota, Heracleum sphondylium and Leucanthemum vulgare. It is clear from the results of 
this study that in order to provide support for a large variety of pollinators, a large variety 
of flowering plant species should be sown, but a focus should be given to those with a 
large floral display size. This is key because this plant trait was shown to be preferred by 
pollinators in Chapter 2 and was therefore essential when designing vegetative strip seed 
mixes to support crop pollination (Chapter 3).  
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With insect pollinators benefiting 87 different crops globally (Aizen et al., 2009), providing 
support to pollination services is of great importance. The findings from this study could 
begin to inform policy makers and land-owners on how to increase the functionality of 
vegetative strips and enhance support for pollinators at the same time. It is clear that 
careful consideration should be taken when selecting plant species for a vegetative strip. 
The evidence-informed methods developed in Chapter 3 have facilitated the development 
of seed mixes that provide valuable pollinator support on two distinct sites. It is 
recommended that further landscape-scale experiments should be undertaken, to test the 
establishment and persistence of support provided by multifunctional strips in different 
environmental conditions. These data could help improve understanding of how 





Chapter 6. Increasing the functionality of farmland buffer 
strips – outcomes for water quality protection support 
 
Abstract 
In the UK and Europe, farmers are required to maintain a vegetative buffer strip on land 
adjacent to a watercourse to protect against pollution from pesticides and fertilisers. A key 
issue effecting the efficacy of these strips is the lack of a specifically prescribed selection 
of plant species for sown seed mixes. In addition, in order to meet current food production 
requirements, there is a need to increase vegetative strip functionality. The concern with 
this is that an increase in functionality could potentially compromise the support provided 
for water quality protection. 
From April 2015, in a three year experiment, on two distinct sites, using seed mixes 
developed with a standardised, evidence-informed method (Chapter 3), we compared the 
above and below-ground vegetative support of multifunctional vegetative strips to a single-
focus strip for water quality protection. Vegetative cover and plant height were surveyed 
monthly and root structural density sampled bi-annually. 
The sown seed mix and the site location and soil type on which the vegetative strips were 
established had a significant effect on the resulting plant communities and the support 
they provided for water quality protection. Where the sown forbs and grasses provided the 
majority of the vegetative cover, the multifunctional vegetative strip provided comparable 
support for protection against run-off, erosion and pesticide spray-drift, to the single-focus 
strip. Also, the functionality of a vegetative strip did not seem to effect root structural 
density and therefore protection against watercourse sedimentation. 
The vegetative support for water quality protection (protecting against run-off, erosion and 
spray-drift) in multifunctional vegetative strips was found to be comparable to that of a 
single-focus strip, if the multifunctional seed mix is sown with 20% forbs and 80% grasses 
and the sown species establish on that site. The findings from this study should 
encourage land managers to consider increasing the functionality of their vegetative 
strips, but also consider the soil type and other environmental conditions of their land prior 
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Globally, the intensification of agricultural practices is associated with a rise in phosphate, 
nitrate and pesticide applications which have increased concentrations of these pollutants 
in ground and surface waters through run-off and erosion (Cartwright et al., 1991; 
Carpenter et al., 1998; Berka et al., 2001; Thorburn et al., 2003; Almasri and 
Kaluarachchi, 2004; Smith et al., 2013). A widely-used method to reduce water pollution is 
the use of vegetative buffer strips, established between a watercourse and the crop 
(Marshall and Moonen, 2002; Randall et al., 2015). Vegetative strips are a proven, 
valuable barrier to water pollution in farmland, however their effectiveness can be variable 
(Muscutt et al., 1993; Davies, 1999; Dorioz et al., 2006; Reichenberger et al., 2007; 
Lazzaro et al., 2008; Borin et al., 2010; Campo-Bescós et al., 2015).  
Under cross-compliance and the countryside stewardship policy, landowners in the United 
Kingdom and across Europe, must maintain a vegetative buffer strip on land within two 
metres of the centre of a watercourse (DEFRA, 2018). However, whilst some advice is 
available, there is no specifically prescribed selection of plant species for these strips 
(Farming Advice Service, 2018). In a meta-analysis undertaken by Mayer et al. (2007) on 
different types of buffer strips, vegetation type within the strip did not have an effect on the 
efficiency of nitrogen removal. However, the effects of specific plant species were not 
investigated, and this could be essential in the efficacy of a vegetative strip, with regard to 
pollution mitigation. Plant traits, such as leaf area, floral display size or nectar content, 
define a plant’s ability to support water quality protection and other ecosystem services 
such as crop pollination and the biological control of crop pests (Kattge et al., 2011; Diaz 
et al., 2007; Garnier and Navas, 2012). Therefore, the plant species that are established 
within a buffer strip could have positive or negative effects on its potential to protect water 
quality, depending on their combination of traits.  
As land availability becomes increasingly restricted and food production requirements 
continue to increase, there is a need to improve the efficacy and functionality of vegetative 
buffer strips (Robinson and Sutherland, 2002; Godfray et al., 2010; Stutter et al., 2012; 
Hackett & Lawrence, 2014). The concern with this is that an increase in functionality could 
potentially compromise the support provided for water quality protection. 
To test the potential of a multifunctional vegetative strip a standardised method of seed 
mix design was developed, that utilises systematically collated evidence on plant traits 
and used this to produce different perennial seed mixes for multifunctional and single-
focus vegetative strips (Chapters 2 and 3). 
In this study the following questions are addressed: (i) How does the vegetative support 
for water quality protection in multifunctional vegetative strips compare with that of a 
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single-focus strip? (ii) How does functionality of a vegetative strip effect root structural 
density?  
6-2 Methods 
This study is part of a three year experiment which investigated the effects of eight 
different vegetative strips on the establishment and persistence of plant communities 
(Chapter 4) and provision for pollinators (Chapter 5), natural enemies of crop pests and 
water quality protection. Seven of the vegetative strips were developed using evidence on 
plant traits that was systematically collated (Chapters 2 and 3), and the last was a 
commercial example of a multifunctional vegetative strip. A full methodology of all of the 
vegetative strip seed mixes, study sites, plot management and vegetative surveys can be 
found in Chapter 4, a summary of those methods is included here as well as any 
additional methods for this study.  
6-2.1 Vegetative strip seed mixes 
In this study, two multifunctional and one single-focus UK plant species seed mix 
designed using methods outlined in Chapter 3, were considered. The multifunctional seed 
mixes were designed to support pollination, bio-control and water quality protection 
concurrently, one with 20% forbs and 80% grasses (MVS) and one with 50% forbs and 
50% grasses (MVSH). This was a key comparison as standard practice is to include only 
20% forbs, and 80% grasses, mainly to reduce the cost of the seed mix (e.g. Syngenta, 
2014; Buglife, 2018; Kings Seeds, 2018; Emorsgate Seeds, 2018), The MVSH also had a 
sowing rate of 1g/m2, due to the higher proportion of forbs and associated increased cost 
of the seed mix. The single-focus seed mix (WQVS) was designed to support water 
quality protection only and consisted of 100% grasses. Table 6-1 shows a list of the plant 
species and their percentage weight contribution in each seed mix. 
Table 6-1 Seed mixes, relevant codes, included plant species and their percentage weight 
contribution. MVS - Multifunctional vegetative strip for all soil types (20% forbs, 80% 
grasses), MVSH - Multifunctional vegetative strip for all soil types (50% forbs, 50% grasses 
& lower sowing rate) and WQVS – Water quality protection vegetative strip. 
 
Plant species 
Percentage weight contribution to the 
following seed mixes: 
 






Achillea millefolium  2.00 5.00   
Centaurea nigra  2.00 5.00   
Daucus carota ssp carota 2.00 5.00   
Hypochaeris radicata  0.50 1.25   
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Leucanthemum vulgare  2.00 5.00   
Lotus corniculatus  2.00 5.00   
Primula vulgaris  1.00 1.50   
Ranunculus acris  2.00 6.25   
Silene dioica  2.00 5.00   
Stachys sylvatica  1.00 2.50   
Taraxacum officinale agg. 2.00 5.00   
Trifolium pratense  0.50 1.25   
Trifolium repens  0.50 1.25   








Agrostis capillaris  10.00 6.25 10.00 
Alopecurus pratentsis    30.00 
Dactylis glomerata  10.00 6.25 15.00 
Festuca rubra  50.00 31.25   
Phleum pratense     30.00 
Schedonorus arundinaceus     15.00 
Schedonorus pratensis  10.00 6.25   
 
6-2.2 Study sites and experimental design 
In April 2015, the seed mixes were hand-sown with five replications in a randomised-block 
design on sandy loam soil at Harper Adams University, Shropshire, England and on heavy 
clay soil at the Game and Wildlife Conservation Trust Loddington Farm, Leicestershire, 
England. The MVS and WQVS were sown at 2 g/m2, and the MVSH was sown at 1 g/m2, 
on 4m by 4m plots with a 1m grass buffer in-between.  
6-2.3 Vegetative surveys and root structural density sampling 
Between 20th July 2015 and 20th April 2018, percentage vegetative cover (reflecting 
protection against run-off and erosion) and mean plant height (reflecting protection against 
pesticide spray-drift) of each plant species was recorded every month. Root structural 
density (reflecting protection against watercourse sedimentation) was also sampled bi-
annually in spring and autumn, using a soil auger 5cm diameter by 30cm depth (Van Walt, 
Haslemere, Surrey). Five random samples were taken from each plot. Each sample was 
then divided into six sections, representing 5cm depth classes, which were pulled apart by 
hand and qualitatively scored from one to five on the density of the root structure present. 
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6-2.4 Statistical analyses 
The evaluation of the effect of vegetative strip type on percentage vegetative cover was 
expanded from what was shown in Chapter 4 to consider the contribution of sown and 
non-sown forbs and grasses to the cover. The effect of vegetative strip type on the mean 
plant community height and root structural density was evaluated using repeated-
measures ANOVAs. Post hoc tests (LSD) were performed for significant factors in the 
analyses. All ANOVA assumptions were achieved. Percentage bare ground was arcsine 
square root transformed to achieve normality. For the analysis, the mean plant height for 
the whole plant community in each plot was calculated by using the vegetative cover 
values for each species, as shown in the following formulas: 
The weighted mean height of each plant species as a contribution to the total height of the 
whole plot was calculated using the following equation (1): 




where W𝑑𝑑 is the weighted mean height of plant species 𝑑𝑑; H𝑑𝑑 is the mean height of plant 
species 𝑑𝑑, C𝑑𝑑 is the percentage (%) cover of plant species 𝑑𝑑 and C𝑑𝑑 is the total percentage 
cover in plot 𝑑𝑑. 





where M𝑑𝑑 is the mean height of plot 𝑑𝑑 and the number of plant species in the plot is n. 
The data for percentage bare ground have been analysed and discussed in Chapter 4 to 
investigate the effects of management, soil type and sowing rates on the establishment 
and persistence of the resulting plant communities. In this study, these data are evaluated 
in further detail in reference to provision of water quality protection. In addition, the data 
on plant height and the vegetative cover provided by sown and non-sown forb and grass 
species, was analysed. The provision of support for water quality protection was assessed 
and compared between single-focus and multifunctional vegetative strips. 
6-3 Results 
At the Harper Adams University site on sandy loam soil, survey month had a significant 
effect on the differences in percentage bare ground and mean plot height between 
vegetative strip types. No effect of survey month, on the differences between the 












Table 6-2 Repeated measures ANOVAs considering the effect of vegetative strip type on 
percentage bare ground and mean plot height at Harper Adams (sandy loam soil) and 
Loddington (heavy clay soil). * P<0.05, ** P<0.01, *** P<0.001. Results on percentage 















Harper Adams F4,7 = 22.581, 
P<0.001*** 
F4,33 = 95.907, 
P<0.001*** 
F4,231 = 2.641, 
P<0.001*** 
Loddington F4,7 = 5.176, 
P<0.001*** 
F4,32 = 95.782, 
P<0.001*** 
F4,224 = 0.482,  
P = 1 
Mean plot 
height 
Harper Adams F4,7 = 21.38, 
P<0.001*** 
F4,33 = 574.54, 
P<0.001*** 
F4,231 = 57,  
P<0.001*** 





F4,224 = 1.054,  
P = 0.297 
 
6-3.1 Percentage bare ground 
In Chapter 4 it was highlighted that percentage bare ground decreased over time for all of 
the vegetative strips in the experiment at both sites, the results for the strips included in 
the present study can be seen in Figure 6-1. At the Harper Adams site on sandy loam soil, 
the multifunctional vegetative strip (MVS) initially had significantly lower (P < 0.05) 
percentage bare ground than the water quality protection strip (WQVS). After this, the 
amount of bare ground in the two strips became comparatively similar. Interestingly, the 
multifunctional vegetative strip with 50% forbs and 50% grasses and a lower sowing rate 
(MVSH) always had comparably similar bare ground to the water quality protection strip 
(WQVS) on this site. At the Loddington site on heavy clay soil, the percentage bare 
ground found in the water quality protection strip (WQVS) was consistently significantly 
lower (P < 0.001) than both of the multifunctional strips (MVS and the MVSH), but these 
differences decreased in magnitude over time as the percentage bare ground in all 





























Figure 6-1 Mean percentage bare ground at sites a) Harper Adams University on sandy 
loam soil and b) Loddington on heavy clay soil. Vegetative strip types are depicted as: 
MVS = Multifunctional strip (20% forbs, 80% grasses), MVSH = Multifunctional strip (50% 
forbs, 50% grasses & lower sowing rate) and WQVS = Water quality protection strip. 
Adapted from Chapter 4. 
6-3.2 Percentage vegetative cover provided by sown and non-sown forbs 
and grasses 
Over the three year survey period two different trends at each site were observed. At the 
Harper Adams site on sandy loam soil, for all treatments the cover provided by sown 
grasses increased until they provided the dominant form of cover by the end of the survey 
period, see Figure 6-2. Conversely, at the Loddington site on heavy clay soil the non-sown 
forbs remained dominant across all treatments throughout the survey period (Figure 6-2). 





strip with 50% forbs and 50% grasses and a lower sowing rate (MVSH) did have higher 
proportions of sown forb species than the water quality protection strip with 100% grasses 























































Figure 6-2 Effect of vegetative strip type on percentage cover provided by sown and non-
sown forbs and grasses at sites a) Harper Adams on sandy loam soil and b) Loddington 
on heavy clay soil. Vegetative strip types are depicted as: MVS = Multifunctional strip 
(20% forbs, 80% grasses), MVSH = Multifunctional strip (50% forbs, 50% grasses & lower 
sowing rate) and WQVS = Water quality protection strip. 
6-3.3 Mean plant community height 
At both sites the mean plant community height of all the vegetative strip types was highest 
during the Spring/Summer periods, see Figure 6-3. At the Harper Adams site on sandy 
loam soil the water quality vegetative strip (WQVS) initially had significantly higher (P 
<0.05) mean plant community height than both the multifunctional vegetative strips (MVS 
and MVSH). After December 2016 no differences were observed between the WQVS and 
the MVS, but the WQVS continued to occasionally have significantly higher plant 
community height than the multifunctional strip with 50% forbs and 50% grasses (MVSH), 




higher (P <0.05) than the MVSH in some of the autumn and winter months in the second 
and third year of establishment and in April 2017.  
At the Loddington (heavy clay soil) site the water quality protection strip (WQVS) had 
consistently significantly higher (P < 0.001, F4,7 = 33.58) plant community height than the 
multifunctional vegetative strip (MVS), and both of these strips had consistently 
significantly higher (P <0.05) plant community height than the multifunctional vegetative 























Figure 6-3 Effect of vegetative strip type on mean plant community height at sites a) 
Harper Adams on sandy loam soil and b) Loddington on heavy clay soil. Vegetative strip 
types are depicted as: MVS = Multifunctional strip (20% forbs, 80% grasses), MVSH = 
Multifunctional strip (50% forbs, 50% grasses & lower sowing rate) and WQVS = Water 





6-3.4 Root structural density 
No significant effect of vegetative strip type on average root structural density score was 
found at either site at any depth, see Table 6-3. This showed that vegetative strip type had 
no effect on root structural density up to a depth of 30cm. 
Table 6-3 Repeated measures ANOVAs considering the effect of vegetative strip type on 
root structural density up to a depth of 30cm.  
 Depth (cm) 

























F = 1.02, 
P = 
0.420 
F = 0.823, 
P = 0.57 
Loddington 4,7 


















F = 0.24, 
P = 
0.626 
F = 0.104, 
P = 0.747 
 
6-4 Discussion 
The sown seed mix and the site location and soil type on which a vegetative strip is 
established can have a significant effect on the resulting plant communities and the 
support they provide for water quality protection. In this study, the effects of vegetative 
strip type on percentage bare ground and plant community height varied between the two 
sites. Also, drastically different trends were observed between the sites in the proportions 
of sown and non-sown forbs and grasses that contributed to the vegetative cover in each 
strip. Whilst the sown forbs and grasses provided the majority of cover at the Harper 
Adams site, the non-sown forbs and sown grasses provided the majority of cover at the 
Loddington site, see Figure 6-2. This means that the measured support for water quality 
protection at the Harper Adams site can be attributed to the sown seed mixes, but, there 
wasn’t such a clear relationship at the Loddington site.  
At Harper Adams, the multifunctional vegetative strip (MVS) provided an initial significant 
enhancement of support for protection against run-off and erosion (lower percentage bare 
ground), and then became comparably similar to the water quality protection strip 
(WQVS). In contrast, at Loddington significantly less support for protection against run-off 
and erosion in the MVS and the multifunctional strip with 50% forbs and 50% grasses 
(MVSH), than in the WQVS was consistently observed. At the Loddington the vast majority 
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of cover was provided by non-sown forbs, namely Rumex obtusifolius, for the majority of 
the survey period. So, the lower cover of the established sown plants at this site is the 
likely cause of this decreased support, and not the lack of ability of the selected plants to 
provide the required support, as we can see that, when established at Harper Adams, 
they did support protection against run-off.  
This same pattern was observed when comparing support for protection against pesticide 
spray-drift (plant community height) between the two sites. At the Harper Adams site on 
sandy loam soil the multifunctional strip (MVS) initially had a lower plant community height 
than the water quality protection strip (WQVS), but then was not significantly different from 
the WQVS after December 2016. At Loddington, the water quality protection strip (WQVS) 
almost always had a higher mean plant community height than both of the multifunctional 
strips (MVS and MVSH). Research demonstrates the direct effect of hedgerows on 
protection against spray-drift (Lazzaro et al., 2008), whereas vegetative strips are usually 
studied in terms of run-off and erosion. These results could demonstrate the potential of 
vegetative strips to buffer against spray-drift, but further research into the effects of the 
structure of this vegetation would increase our understanding of the efficacy of each strip 
(Hewitt, 2000). 
This is essential evidence when considering what to sow on different soil types and sites. 
There was a clear difference in the provision of support by all vegetative strips to protect 
against run-off, erosion and pesticide spray-drift between these two sites. When 
developing seed mixes for heavy clay soils, it may be wise to only consider a few plant 
species that are extremely robust and known to establish well on that particular site. 
Sowing larger quantities of fewer plant species may give more favourable plant 
community establishment results. 
When increasing the functionality of a vegetative strip to support several ecosystem 
services the trade-offs that may be made must be carefully considered. The 
multifunctional vegetative strip designed in Chapter 3, aims to support pollinators and 
natural enemies of crop pests, whilst protecting water quality. At both sites the 
multifunctional vegetative strip with 50% forbs and 50% grasses (MVSH) had consistently 
less protection against run-off and erosion (higher percentage bare ground) and pesticide 
spray-drift (lower plant community height) than the water quality protection strip (WQVS). 
However, in almost all of the surveyed months, at both sites, the MVSH did have higher 
proportions of sown forb species than the WQVS and the multifunctional vegetative strip 
sown with 20% forbs and 80% grasses (MVS). Also, in Chapter 5 the MVSH provided the 
most floral support with the most variety, and it contained the highest amount of plant 
species that were preferred by the pollinators. This is key, because though this seed mix 
may provide the best support for pollinators, it seems to provide less support for water 
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quality protection than the WQVS and MVS. It is likely that the MVS, which provides some 
benefits to pollinators (Chapter 5), but better support for water quality protection than the 
MVSH, could be the most appropriate multifunctional option.  
As no effect of vegetative strip type was observed on root structural density, sowing a 
more multifunctional seed mix may not adversely affect the ability of a vegetative strip to 
protect against watercourse sedimentation (Burylo et al., 2012; Chau and Chu, 2017).  
6-5 Conclusions 
The vegetative support for water quality protection (protecting against run-off, erosion and 
spray-drift) in multifunctional vegetative strips can be comparable to that of a single-focus 
strip, if the multifunctional seed mix is sown with 20% forbs and 80% grasses and the 
sown species establish on that site. Also, the functionality of a vegetative strip does not 
seem to effect root structural density and therefore protection against watercourse 
sedimentation. 
It is clear that careful consideration should be given when establishing a multifunctional 
vegetative strip, to ensure that all the targeted ecosystem services are supported. 
However, as water quality protection is of primary concern for vegetative strips 
established alongside farmland watercourses, it is recommended that the multifunctional 
vegetative strip with 20% forbs and 80% grasses mix could be used in sandy loam soils to 
increase the functionality of vegetative buffer strips whilst still providing support for 
protection against water pollution. The findings from this study should encourage land 
managers to consider increasing the functionality of their vegetative strips, but also 
consider the soil type of their land prior to choosing a seed mix as this can greatly affect 




Chapter 7. Increasing the functionality of farmland 
vegetative strips – benefits for crop pest natural enemies 
 
Abstract 
Increasing food production requirements and restrictions on land availability have driven a 
need to increase the functionality of vegetative strips, to support multiple ecosystem 
services. This increase in functionality could also help to meet the habitat requirements of 
the taxonomically diverse species that act as natural enemies of crop pests. 
The effect of vegetative strip functionality on plant diversity and natural enemy 
abundances were evaluated using in-field plots, sown on two soil types, with 
multifunctional and single-focus vegetative strips. 
The multifunctional vegetative strips almost always had the highest plant diversity on both 
soil types. Whilst the multifunctional mix with 50% forbs provided significantly higher 
diversity than the multifunctional mix with only 20% forbs, on sandy loam soil, it did not on 
heavy clay. A positive correlation with the proportion of grasses sown and Araneae 
abundances was observed, as well as a positive correlation with proportion of forbs sown 
and Carabidae abundances. 
The results from this study demonstrate the essential support that forb plant species could 
provide to natural enemies as well as the increased plant diversity from a multifunctional 
vegetative strip. In addition, they demonstrate the effect of soil type and site location on 
plant diversities found in vegetative strips. The results provide an initial insight into the 
effect of vegetative strip functionality on the provision of support for the biological control 
of crop pests. These findings could begin to inform policy makers and land managers on 
the importance of increasing the diversity and functionality of vegetative strips to increase 
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Farmland vegetative strips are used globally to support biodiversity and ecosystem 
services such as pollination, biological control of crop pests and water quality protection 
(Pfiffner and Wyss, 2004; Reichenberger et al., 2007; Lye et al., 2009; Haaland et al., 
2011; Tschumi et al., 2016). In particular, the most widely-used type of vegetative strip for 
the support of insect natural enemies of crop pests is the ‘beetle bank’, originally created 
in England by the Game and Wildlife Trust in collaboration with the University of 
Southampton (Game and Wildlife Conservation Trust, 2018). In the United Kingdom, 
these are commonly sown with various grass species, mainly tussock types such as 
Dactylis glomerata and Phleum pratense (e.g. Emorsgate Seeds, 2018; Game and 
Wildlife Conservation Trust, 2018), which satisfy the AB3: Beetle banks option in the 
government countryside stewardship schemes (Natural England, 2018). However, 
supporting the taxonomic diversity of natural enemies commands a variety of habitat 
requirements, in particular, a variety of plant species with key traits. For example, floral 
resources with large floral displays, and/or high nectar availability and content, support 
aerial natural enemies such as parasitoid wasps and hoverflies (Møller & Sorci, 1998; 
Bianchi and Wackers, 2008), as seen in Chapter 3. Also, more functionally diverse and 
heterogeneous plant communities are known to support a higher diversity of parasitoids 
and hoverflies, and a higher species richness and abundance of key surface active natural 
enemies such as carabid beetles (Wardle and van der Putten, 2002; Ramsden et al., 
2013; Balzan, et al., 2015; Rouabah, A., et al., 2015).  
As insect natural enemies are so taxonomically diverse, their prey species preferences 
can differ significantly, and when targeting a specific crop pest, not all predators will 
provide effective control (Lefebvre et al., 2017; Bannerman et al., 2018; Yang et al., 
2018). Whilst some generalist species exist, supporting a more diverse population of 
natural enemies, with specific and generalist preferences, can provide the most effective 
pest control (Gontijo et al., 2015; Dib et al., 2016).  
Often, vegetative strips have been successfully designed to support single ecosystem 
services or species groups, such as the previously discussed beetle bank, but also 
wildflower strips for pollinators (Lye et al., 2009; Haaland, et al., 2011; Feltham et al., 
2015) and grassy strips for water quality protection (Davies, 1999; Dorioz et al., 2006; 
Reichenberger et al., 2007; Campo-Bescós et al., 2015). There is a distinct need for a 
more functionally diverse vegetative strip to meet the habitat requirements of a variety of 
natural enemy species (Balzan, et al., 2015; Rouabah, A., et al., 2015). In addition, 
increasing food production requirements and restrictions on land availability require a 
more multifunctional vegetative strip that supports these ecosystem services concurrently 
(Godfray et al., 2010; Stutter et al., 2012; Hackett and Lawrence, 2014).  
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In 2015, a method of plant species selection for vegetative strips to support multiple 
ecosystem services was developed (Chapter 3). Systematically collated evidence on plant 
traits was used, as these define how a plant species may support an ecosystem service 
(Chapter 2). In particular, three main ecosystem services were to be supported by one 
vegetative strip – pollination, bio-control and water quality protection. To investigate the 
ecosystem service support provided by the designed seed mixes, a large in-field 
experiment at two distinct sites was established. Between 2015 and 2018 vegetative 
cover was surveyed monthly, and surface active natural enemy abundances were 
sampled in Summer 2016. 
In this study the following questions are addressed: (i) How does the diversity of 
vegetative support for natural enemies in multifunctional vegetative strips compare with 
that of single-focus strips? (ii) How does functionality of a vegetative strip effect the 
abundance of surface active natural enemies?  
7-2 Materials and Methods 
This study is part of a three-year experiment which investigated the effects of eight 
different vegetative strips on the establishment and persistence of plant communities 
(Chapter 4) and provision for pollinators (Chapter 5), natural enemies of crop pests and 
water quality protection (Chapter 6). Seven of the vegetative strips were developed using 
evidence on plant traits that was systematically collated (Chapters 2 and 3), and the last 
was a commercial example of a multifunctional vegetative strip. A full methodology of all 
the vegetative strip seed mixes, study sites, plot management and vegetative surveys can 
be found in Chapter 4, a summary of those methods is included here, as well as the 
additional methods used in this experiment.  
7-2.1 Vegetative strip seed mixes  
Seed mixes of UK plant species were designed using a plant species ranking 
methodology that was developed using systematically collated evidence on plant traits 
(Chapters 2 and 3). 
Two versions of a multifunctional seed mix were designed, one with 20% forbs and 80% 
grasses (MVS) and one with 50% forbs and 50% grasses (with a lower sowing rate of 
1g/m2 due to the increased proportion of forbs) (MVSH), to investigate the effect of 
different proportions of forbs on the support provided. Also, a single-focus grass only mix 
for water quality protection (WQVS) was designed. This mix included grasses that are 
also typically found in a beetle bank seed mix (Emorsgate seeds, 2018), so it acted as a 
typical example of this vegetative strip type. Lastly, a single-focus forb only mix for 
pollinator support (PSVS) was developed. To compare the designed seed mixes to a 
commercially available perennial seed mix, a multifunctional mix from Syngenta’s 
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Operation Pollinator programme, was also included in the study (OPVS). A list of plant 
species included in the seed mixes can be found in Table 7-1.   
Table 7-1 Seed mixes, relevant codes, included plant species and their percentage weight 
contribution to each seed mix type. MVS - Multifunctional vegetative strip for all soil types 
(20% forbs, 80% grasses), MVSH - Multifunctional vegetative strip for all soil types (50% 
forbs, 50% grasses & lower sowing rate), PSVS – Pollination support, WQVS – Water 




Percentage weight contribution to the following 
seed mixes: 
 






Achillea millefolium  2.00 5.00    2.00 
Centaurea nigra  2.00 5.00 12.50  1.00 
Daucus carota ssp carota 2.00 5.00    3.00 
Galium album       2.00 
Heracleum sphondylium     4.00    
Hypochaeris radicata  0.50 1.25 0.25    
Leontodon hispidus     12.00    
Leucanthemum vulgare  2.00 5.00 12.50  2.00 
Lotus corniculatus  2.00 5.00      
Primula vulgaris  1.00 1.50 2.00    
Ranunculus acris  2.00 6.25 12.25  2.00 
Silene dioica  2.00 5.00 12.00  2.00 
Stachys sylvatica  1.00 2.50    2.00 
Taraxacum officinale agg. 2.00 5.00 10.00    
Trifolium pratense  0.50 1.25 10.00  1.00 
Trifolium repens  0.50 1.25 10.00    
Veronica chamaedrys  0.50 1.00 2.50    
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Agrostis capillaris  10.00 6.25   10.00   
Alopecurus pratentsis      30.00   
Dactylis glomerata  10.00 6.25   15.00 10.00 
Festuca rubra  50.00 31.25    30.00 
Phleum pratense       30.00 10.00 
Schedonorus 
arundinaceus  
     15.00 10.00 
Schedonorus pratensis  10.00 6.25    20.00 
 
7-2.2 Study sites and experimental design 
In April 2015 the seed mixes were hand-sown with five replications in a randomised-block 
design on sandy-loam soil at Harper Adams University, Shropshire, England and on 
heavy clay soil at the Game and Wildlife Conservation Trust Loddington Farm, 
Leicestershire, England. The multifunctional vegetative strip with 20% forbs and 80% 
grasses (MVS), water quality protection strip (WQVS) and commercial example of a 
multifunctional strip (OPVS) were sown at 2 g/m2 and the multifunctional strip with 50% 
forbs and 50% grasses (MVSH) and pollinator support vegetative strip (PSVS) at 1 g/m2 
(due to the increased forb proportions), on small (4m by 4m) plots with a 1m grass buffer 
in-between. In addition, three replications of each treatment were sown in a randomised-
block design on larger in-field plots (8m by 31m) at Loddington Farm. These were 
managed the same as the small plots as detailed in Chapter 4 but were not hand-weeded 
after sowing in 2015. 
7-2.3 Crop pest natural enemy surveys 
In summer 2016, pitfall traps were set to capture surface active natural enemies in the 
large in-field plots at Loddington farm. Each pitfall trap was set up as seen in Figure 7-1. 
Five traps were set one metre apart along a transect in the centre of each vegetative strip. 
The traps remained in the same position for the duration of the experiment. In each 
sampling month from 22nd June to 22nd September the traps were set at midday, left for 24 
hours and collected the following day. Samples were collected and stored in 70% 
methylated spirits at approximately 5℃. All specimens within the samples were sorted to 





Figure 7-1 Pitfall trap setup in-field. The small mammal and amphibian guard consisted of 
15mm2 wire mesh. Preservative consisted of 50ml 70% methylated spirits. 
 
7-2.4 Statistical analyses 
All analyses were conducted in R version 3.5.0. We evaluated the effect of vegetative strip 
type on percentage vegetative cover diversity and natural enemy abundances with 
repeated measures ANOVAs. Post hoc tests (LSD) were performed for significant factors 
in the analyses. All ANOVA assumptions were achieved. Natural enemy abundances 
were Log10 transformed to achieve normality. 
Plant species diversity of vegetative cover was calculated with the Shannon diversity 
index using the following equation: 




where p is the proportion (n/N) of individuals of one particular species found (n) divided by 
the total vegetative cover found (N) and s is the number of species. 
7-3 Results 
7-3.1 Effect of vegetative strip type on plant species diversity of vegetative cover 
In the small plot experiments a total of 80 plant species were found at the Harper Adams 
site on sandy loam soil and 78 at the Loddington site on heavy clay soil. Sampling month 
affected the differences in plant diversity between the vegetative strips (Table 7-2), and so 
















Table 7-2 Repeated measures ANOVA considering the effect of vegetative strip type on 
plant diversity. 
  Harper Adams Loddington 
Variable df F P F P 
Vegetative strip 
type 
4,7 148.06 <0.001 102.581 <0.001 
Sampling month 4,33 105.75 <0.001 40.598 <0.001 
Vegetative strip 
type * Sampling 
month 
4,231 2.791 <0.001 2.016 <0.001 
 
Throughout the 36 months surveyed, on both sites, the multifunctional vegetative strip 
with 50% forbs and 50% grasses (MVSH) almost always (at Harper Adams: 72% of 
months, at Loddington: 94% of months) had the highest plant diversity. Also, both 
multifunctional strips (MVSH and MVS) frequently (Harper Adams: MVS – 56%, MVSH - 
92% of months, Loddington: MVS – 58%, MVSH – 61% of months) had significantly higher 
(P<0.05) plant diversity than the grass only strip (WQVS), see Figure 7-2. As expected, 
the grass only strip often had the lowest plant diversity. Also, the multifunctional 
vegetative strips (MVS and MVSH) almost always had higher plant diversity than the 
vegetative strip for pollinators (PSVS), which was sown with forbs only. At Harper Adams, 
the multifunctional mix with 20% forbs and 80% grasses (MVS) and MVSH frequently 
(MVS – 47% of months and MVSH – 89%) had significantly higher (P<0.05) diversity than 
the PSVS. Whilst at Loddington, there were fewer months where the MVS (11%) and the 
MVSH (22%) had significantly lower diversity than the PSVS. 
At Loddington, plant diversity in the MVSH was never significantly different from the MVS, 
but it was significantly higher (P<0.05) at Harper Adams in 69% of the months.  
During 2016, at Harper Adams, the vegetative strip for pollinators (PSVS), sown only with 
forbs, had significantly higher (P<0.05) plant diversity than the grass only strip (WQVS) in 
75% of the months, but after this the two vegetative strips had surprisingly similar plant 
diversities. A different trend was observed on the heavy clay soil where the forb only strip 
(PSVS) had significantly higher (P<0.05) plant diversity than the grass only strip (WQVS) 




Figure 7-2  Effect of vegetative strip type on plant diversity of percentage cover at sites a) 
Harper Adams (sandy loam soil) and b) Loddington (heavy clay soil). MVS = 
Multifunctional vegetative strip (80% grasses, 20% forbs), WQVS = water quality 
protection strip (100% grasses), PSVS = pollinator support strip (100% forbs), OPVS = 
Commercial example of multifunctional strip (80% grasses, 20% forbs) and MVSH = 
multifunctional strip with 50% forbs and 50% grasses.  
7-3.2 Effect of vegetative strip type on natural enemy abundances 
A total of 3,502 natural enemies were collected from the pitfall traps, of which 48% were 
Araneae, 44% Carabidae and 8% Staphylinidae. There was an effect of vegetative strip 
type on the differences in abundances between the species groups, and these differences 
did not change between sampling months, see Table 7-3. 
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Table 7-3 Repeated measures ANOVA considering the effect of vegetative strip type on 
abundances of Araneae, Carabidae and Staphylinidae. 
  Araneae Carabidae Staphylinidae 
Variable df F P F P F P 
Vegetative strip 
type 
2,7 4.44 <0.0001 4.72 <0.0001 2.85 0.0064 
Sampling month 2,3 21.53 <0.0001 8.98 <0.0001 18.24 <0.0001 
Vegetative strip 
type * Sampling 
month 
2,21 1.39 0.1152   1.486 0.0772 1.579 0.0502 
 
For each natural enemy species group there was no significant difference in mean 
abundance (P>0.05) between the multifunctional vegetative strip (MVS) and the grass 
only vegetative strip (WQVS), see Figure 7-3. Also, both strips had similar abundances of 
the small (<7mm), medium (7-12mm) and large species (>12mm) within each group. 
Apart from the MVS, all other seed mixes that contained forb species (MVSH, PSVS and 
OPVS) had significantly higher (P<0.05) Carabidae abundances than the grass only 
vegetative strip (WQVS). In fact, the highest Carabidae abundance was found in the strip 
that was sown only with forbs for pollinator support (PSVS). In contrast, all seed mixes 
sown with at least 80% grasses (MVS, WQVS and OPVS) had significantly higher 
Araneae abundances, in particular the OPVS had significantly more than the PSVS and 
MVSH (the multifunctional mix with 50% forbs). The main contributors to change in 
Araneae and Caribidae abundances were the medium-sized (7-12mm) natural enemies, 




Figure 7-3 Effect of vegetative strip type on mean abundances of a) Araneae, b) 
Carabidae and c) Staphylinidae. Individuals are grouped into size categories; small 
(<7mm), medium (7-12mm) and large (>12mm). Vegetative strip types are depicted as: 
MVS = Multifunctional vegetative strip (80% grasses, 20% forbs), WQVS = water quality 
protection strip (100% grasses), PSVS = pollinator support strip (100% forbs), OPVS = 
commercial example of multifunctional strip (80% grasses, 20% forbs) and MVSH = 
multifunctional strip with 50% forbs and 50% grasses. Vegetative strips with the same 
letter are not significantly different (P<0.05). 
7-4 Discussion  
A vegetative strip must be functionally diverse to support the taxonomically diverse 
species that act as natural enemies of crop pests (Balzan, et al., 2015; Rouabah, et al., 
2015). Here it is demonstrated that single-focus vegetative strips that target just one 
ecosystem service or species group, such as pollination, water quality protection or 
terrestrial predatory beetles, provide less plant diversity. The multifunctional vegetative 
strips in this study (MVS and MVSH) almost always had the highest vegetative diversity, 
when compared to the single-focus strips and even the commercial example of a 
multifunctional mix (OPVS). This demonstrated that the method of vegetative strip design 
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in Chapter 3 produced multifunctional vegetative strips that could have an increased 
capability to support natural enemies over single-focus strips, and it could potentially 
provide an enhanced alternative to commercially available mixes.  
Soil type and site location was found to potentially affect the establishment of a diverse 
vegetative strip as was been demonstrated in Chapter 4. Whilst not significantly different 
to the multifunctional mix with 20% forbs and 80% grasses (MVS) on the Loddington site 
with heavy clay soil, the multifunctional mix with 50% forbs and 50% grasses (MVSH) had 
significantly higher diversity on the Harper Adams site on sandy loam soil in the majority 
of months (69%), see Figure 7-2. This demonstrates that sowing a higher proportion of 
forbs could increase the plant diversity in a multifunctional mix on sandy loam soil, but not 
on heavy clay. This is likely because forb species tend to prefer lower-fertility (Grime et 
al., 2007), free-draining soils and sandy loam soils tend to possess these qualities whilst 
heavy soils do not. Interestingly, at Harper Adams, the vegetative strip sown only with 
forbs (PSVS), had similar plant diversity to the vegetative strip sown with only grasses 
(WQVS), but then almost always had significantly higher diversity at Loddington. These 
differences emphasise the need for structured, evidence-informed methods of plant 
species selection, especially when trying to establish a functionally diverse vegetative strip 
on different sites with different soil types. 
A positive correlation with the proportion of grasses sown and Araneae abundances was 
observed (Figure 7-2a), as well as a positive correlation with proportion of forbs sown and 
Carabidae abundances (Figure 7-2b). The higher Araneae abundances may be due to the 
grass species sown. All of the vegetative strips that were sown with higher proportions of 
grasses (MVS, WQVS and OPVS), included 10/15% Dactylis glomerata which is known to 
support higher abundances of Araneae species (Collins et al., 2003). The higher 
Carabidae abundances found in vegetative strips with increased forb proportions could be 
due to the increased plant diversity that these forbs bring to the vegetative strip (see 
Figure 7-2), as plant functional diversity can increase Carabidae species richness and 
abundance (Rouabah et al., 2015). Whilst the commonly used grass only beetle banks 
target predatory beetles (Emorsgate Seeds, 2018; Natural England, 2018), they seem to 
lack the forb species that are required to increase functional diversity and support a range 
of natural enemy species. There is a clear trade-off between the types of habitat that are 
required by the different groups of predators. Both Araneae species and Carabidae 
species are key predators that contribute to the control of insect crop pests, as described 
by Boys et al. (2016). Therefore, both must be supported in a vegetative strip designed to 
provide bio-control services. 
The results from this study demonstrate the essential support that forb plant species could 
provide to natural enemies. The inclusion of a mixture of grasses and forbs in a vegetative 
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strip seed mix introduces the increased plant diversity that is preferred by surface active 
natural enemies, the grass cover preferred by Araneae species and the floral resources 
for aerial natural enemies. These include hoverflies and parasitoid wasps, which also can 
help control crop pests (Ramsden et al., 2013; Raymond et al., 2014; Balzan et al., 2016). 
In Chapter 5 insect floral visitation surveys were conducted on the small plots at both sites 
in this experiment. In that study a range of floral resource preferences by Hoverflies were 
found, including Heracleum sphondylium, Silene dioica, Centaurea nigra, Leucanthemum 
vulgare, Achillea millefolium and Daucus carota. In addition, out of 201 observed visits 
made by wasps (including parasitic wasps), 87% were to D. carota. All of these plant 
species were included in the multifunctional vegetative strip seed mixes (MVS and MVSH) 
designed in Chapter 3 due to their favourable plant traits that support each of the target 
ecosystem services, see Table 7-1. The results from both studies correlate with studies 
undertaken by Gontijo et al. (2013) and Diaz et al. (2012), where wildflowers were found 
to support natural enemies which, in-turn, suppressed crop pest populations. 
Further research into plant traits that are favourable for surface active invertebrates would 
help to better inform plant species selection for their support. Current literature indicates 
the specific plant species trait preferences of aerial natural enemies (see Chapter 2), but 
for plant traits that support carabids and other natural enemies are less clear, only that 
more functionally diverse plant communities increase abundance (Rouabah et al., 2015). 
Also, whilst the conclusions from this study indicate that the designed multifunctional 
vegetative strips may provide increased support for natural enemies, further sampling is 
required to determine whether these findings are replicated across the life of the 
vegetative strips and on other soil types and field sites. The results from this study provide 
an initial insight into the effect of vegetative strip functionality on the provision of support 
for natural enemies of crop pests. These findings could inform policy makers and land 
managers on the importance of increasing the diversity and functionality of vegetative 
strips to increase support for ecosystem services within farmland. Further research on the 
persistence and potential variation in support provided by multifunctional vegetative strips 
at a landscape-scale, compared to current single focus strips, is recommended. The next 
step to gain further insight into the effectiveness of this support in providing pest control 




Chapter 8. General discussion 
The widely-used vegetative strip sown in farmland field margins has provided valuable 
support for water quality protection, pollination and bio-control individually (Pfiffner and 
Wyss, 2004; Reichenberger et al., 2007; Lye et al., 2009; Haaland et al., 2011), but 
increasing land restrictions and food production requirements, command an increase in 
their functionality. As there currently is no prescribed or evidence-informed method of 
plant species selection for vegetative strips, though some advice is available (Farming 
Advice Service, 2018), this study set out to develop and test a method of multifunctional 
vegetative strip design.  
The main objectives of the study were: 
1. Develop a structured, evidence-informed method of multifunctional vegetative strip 
design, using plant traits, which can be applied across temperate climate zones. 
Particularly targeting support for ecosystem services including pollination, 
biological control of insect crop pests (bio-control) and water quality protection.  
2. Using vegetative strip seed mixes designed through the evidence-informed 
method and existing farmland buffer strips, investigate the establishment and 
persistence of different vegetative strip types under differing environmental 
conditions. 
3. Compare and contrast support for pollinators (for pollination), natural enemies of 
insect crop pests (for bio-control) and water quality protection provided by 
multifunctional vegetative strips to single-focus strips. 
4. Provide advice and recommendations to land managers, advisors and policy 
makers on increasing the functionality of vegetative strips.  
8.1 Multifunctional vegetative strip design 
When developing the method of vegetative strip design, the systematic map of plant traits, 
in Chapter 2, identified a large bias in the research towards plant traits linked with 
pollination. This was likely due to the highly dependent, mutualistic relationship between 
pollinators and flowering plants and current pollinator declines driving research to 
understand this relationship further (Hector and Bagchi, 2007; Potts et al., 2010; Nicolson 
and Wright, 2017). Despite this, a large number of plant traits were identified in total and 
the evidence collated in the systematic map was sufficient to be used in the development 
of a vegetative strip design method in Chapter 3. Further research into the plant traits that 
support bio-control, in particular, could strengthen this method of vegetative strip design. 
Specifically, the traits discovered to support bio-control (e.g. floral display size and nectar 
availability) were only linked with aerial natural enemies such as parasitoid wasps and 
hoverflies (Møller & Sorci, 1998; Bianchi and Wackers, 2008), and no articles were found 
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linking specific plant traits to surface active predator groups such Carabids, see the 
systematic map database from Chapter 2.2 in Additional File 2-5. de Bello et al. (2010) 
and Perović et al. (2018) also found little evidence to this effect, but de Bello et al. (2010) 
did identify some of the same plant traits, for example leaf area for water quality protection 
and nectar content for pollination. However, de Bello et al. (2010) did not find evidence of 
floral display size supporting pollination and bio-control, which was a key trait identified in 
this map, in fact only 7 plant traits were identified by de Bello et al. (2010) to support 
pollinators, whereas 40 were identified by the systematic map in Chapter 2. This 
difference is likely because whilst de Bello et al. (2010) used some key terms, their list 
was not extensive and their searches were not of a systematic nature, potentially missing 
key literature. 
One important finding from the systematic map was the cross-over between plant traits 
studied for natural enemy and pollinator support as floral display size, floral nectar and 
flower colour were linked to both. This was advantageous when developing a 
multifunctional vegetative strip in which numerous invertebrate species groups were 
targeted. Lastly, the majority of traits that had been linked to supporting water quality 
protection were related to plant roots (78%), which demonstrated an overwhelming focus 
on belowground traits for the support of this service, and this finding is emulated in de 
Bello et al. (2010). 
In Chapter 3, the findings on plant traits were reviewed and utilised. Table 3-1 provided an 
essential summary of the plant traits that were identified by the systematic map and their 
key aspects. Importantly, findings were the same from articles that investigated the same 
plant trait, for example the articles that studied floral display size all identified that 
pollinators preferred a larger display. In addition, information was gathered on eight 
different plant community characteristics and environmental factors that are essential to 
multifunctional vegetative strip establishment (Table 3-2). Perennial UK plant species 
were then ranked using these traits and characteristics (Table 3-3) for inclusion in 
multifunctional and single-focus seed mixes. 
A key caveat to the seed mix design method was the lack of presence or absence 
information on some of the identified plant traits in individual UK plant species. For 
example, the research identified traits including fibrous root depth or length and 
percentage fine roots, to aid water quality protection, but only information on the overall 
root system was available (e.g in Grime et al. 2007). Fortunately, the traits discovered 
were indicative of an adventitious root system, so this overall trait could be included in the 
design method instead, see the plant trait database in Additional File 3-1. In other cases, 
there was incomplete data on traits for some plant species, which potentially impacted its 
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ranking. Further primary research to fill in these gaps in the plant trait database would be 
advised to strengthen the vegetative strip design method.  
The design method developed in Chapter 3 focussed on exactly what is required of 
individual plants, and of plant communities, to support three ecosystem services in 
farmland, namely pollination, bio-control and water quality protection. Whilst this method is 
extremely transparent, structured and evidence-informed, the field experiments in 
Chapters 4 – 7, tested the potential of the vegetative strip seed mixes to establish and 
persist, and support the target ecosystem services.  
The literature review in Chapter 1 highlighted the need for multifunctional vegetative strips 
and a structured, evidence informed and repeatable method of seed mix design. The 
method outlined in Chapter 3 is a novel approach to plant species selection for vegetative 
strips, which has not been previously undertaken and it offers a theoretical framework for 
plant species selection which can be tested experimentally. It can be used to develop 
seed mixes that can be reliably prescribed by government policy, to encourage farmers to 
increase the functionality of their vegetative strips. 
8-2 Establishment and persistence of a multifunctional vegetative strip 
Chapter 4 demonstrated that vegetative strip establishment is highly dependent on the 
seed mix sown, management undertaken, soil type, soil seed bank and environmental 
conditions. Numerous species of forbs, sown to provide floral support, require less fertile 
soils (Grime et al., 2007; Syngenta, 2014; Kings Seeds, 2018; Emorsgate Seeds, 2018). 
Due to this, they often do not establish as effectively on more fertile soils. Sandy and loam 
soils tend to be less fertile and free-draining, whereas heavy clay soils tend to be much 
more fertile and are often slow-draining. In the surveys of existing buffer strips and the 
sown strips designed using the method outlined in Chapter 3, significant effects of sown 
seed mix and soil type was observed up to 70 years of age, on forb species richness and 
proportion of cover. In addition, in the field experiment, seed mix type effected the 
proportion of sown species and bare ground across the first three years of establishment.  
The combined evidence from the surveys of existing buffers and designed vegetative 
strips suggested that, overall, the vegetative strips on sandy or sandy loam soils had 
higher species richness, proportion of forb cover and proportion of sown species cover. 
Also, on clay soils, in the early establishment years, species richness in the vegetative 
strips was reduced, but if sown with a pollinator mix (including forb species), species 
richness increased over the subsequent 10-15 years. So, whilst establishment of a more 
diverse buffer strip on sandy loam soils may be more successful in the early years, there 
is still scope for their establishment on clay soils long-term. Also, targeting a seed mix 
towards a specific soil type did not aid sown species establishment, and the 
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multifunctional vegetative strip designed for most soil types (MVS) actually provided the 
highest percentage cover of sown species. Therefore, when selecting plant species for a 
vegetative strip seed mix, robust species that meet the criteria for plant community 
characteristics and environmental factors set out in Table 3-2 in Chapter 3, should be 
used. This could also make plant species selection for seed mixes for different soil types, 
far more straight forward, rather than a complex system targeting plant species to a 
specific soil type. 
The competitive nature of grasses and their management are extremely influential in the 
establishment of a botanically diverse vegetative strip. Species richness of a strip tends to 
decrease over time as grasses begin to outcompete less-competitive wildflowers and this 
is often exacerbated in conditions of high soil fertility (Huusela-Veistola and Vasarainen, 
2000; Grime et al., 2007; Noordijk et al., 2011; Tscharntke et al., 2011). An increase in 
proportions of grass species over time was observed in all of the designed vegetative 
strips, but, despite this, forb proportions did still persist. 
The multifunctional vegetative strip with 50% forbs and 50% grasses (MVSH) 
demonstrated the most successful establishment and persistence of the desired plant 
communities. It consistently provided high proportions of forbs and sown species and 
plant species richness and had similar percentage bare ground to the other vegetative 
strips.  
The surveys of existing buffer strips provided an initial insight into the effects of age, 
management and seed mix type on plant communities within buffer strips across three 
broad soil types. It was clear from the findings in Chapter 4 that using the structured and 
evidence-informed method of vegetative strip design affected the initial establishment and 
overall resulting plant communities of the strips. In particular, the inclusion of the plant 
characteristics and environmental factors criteria (Table 3-2) which ensured only species 
that were pre-dispositioned to establish in a variety of environmental conditions were 
included in the seed mixes. In addition, the management of a vegetative strip, especially 
of grasses, was found to be vital for the long-term persistence of a diverse plant 
community.  
8-3 Vegetative strip support for pollinators, water quality protection 
and natural enemies of insect crop pests 
The findings in Chapter 4 demonstrated that the method of vegetative strip design 
developed in Chapter 3 could produce vegetative strips where the majority of the sown 
plant species and the desired plant communities establish and persist, at least over the 
first three years. But, do these plant communities provide support for the target ecosystem 
services and is the support in multifunctional vegetative strips equivalent to that provided 
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by single-focus strips? Firstly, the most important thing to remember here is that though 
the multifunctional vegetative strips are targeting three ecosystem services (pollination, 
bio-control and water quality protection), they are designed to be sown adjacent to 
watercourses (as buffer strips) and so this is a key service that must be supported. In 
essence, the multifunctional vegetative strips need to sustain or improve the support that 
buffer strips provide for water quality protection and increase their functionality to provide 
support for pollination and bio-control concurrently.  
Considering the performance of the multifunctional and single-focus vegetative strips over 
the three years at each site, Table 8-1 gives a summary of the support provided for each 
target ecosystem service and the mechanism of that support. This is highly simplified 
compared to what is presented in Chapters 5-7 but provides an overall summary of the 
findings and conclusions in each chapter, to understand how the strips differ from each 
other. The key considerations that should be made when using this table are that it is not 
the whole picture, but a summary for ease of comparison, and the evidence from each 
relevant chapter should be considered alongside it. Also, performance of the strips varied 
in some cases between the sites. This was almost certainly because at Loddington the 
vegetative cover was dominated by non-sown forb species. Therefore, when considering 
the support provided on this site, whilst some sown forbs and grasses established, the 
non-sown forbs may have been the main source of support.  
Chapters 5 and 7 showed the multifunctional vegetative strip with 50% forbs and 50% 
grasses (MVSH) to provide slightly better support for pollinators to the single-focus strip 
(PSVS) for this service, and the most support for natural enemies in terms of plant 
diversity and floral support. The multifunctional strip with 20% forbs and 80% grasses 
(MVS) was second best to the MVSH in this respect, however, Chapter 6 showed the MVS 
to provide marginally better support for water quality protection against run-off, erosion 
and spray-drift. The term ‘marginally’ is key here as the differences in support were indeed 
very small. In fact, the MVSH had a three-year average of 3.7% bare ground at Harper 
Adams and 3.9% at Loddington, whilst the MVS had 2.4% at Harper Adams and 3.4% at 
Loddington. The percentage of bare ground did fluctuate throughout the year and the 
multifunctional strip with 20% forbs and 80% grasses (MVS) did have the lowest 
percentage of bare ground in year 1, but after this there were no huge differences 
between the multifunctional strips and the single-focus strip for water quality protection 
(WQVS). The same marginal differences can be found in the three-year averages for plant 
community height, with the exception of the multifunctional strip with 50% forbs and 50% 
grasses (MVSH) at Harper Adams, which only had an average height of 16.3cm, whilst the 
MVS and WQVS had a height of 34.6cm and 36.5cm respectively. In addition, there was 
no difference found in the root structural densities between the vegetative strips, 
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potentially indicating no detrimental effect on support for watercourse sedimentation from 
including forbs in a vegetative buffer strip. It may be that, the multifunctional vegetative 
strip with 50% forbs and 50% grasses (MVSH) could provide support for all three 
ecosystem services, with enhanced support for pollinators and natural enemies. 
If we are to consider the multifunctional strips (MVS and MVSH) developed and tested in 
this study against the current, single-focus, grassy strip that is often sown alongside 
watercourses for water quality protection only (Table 8-1), there is great potential to 
increase its functionality. Also this study demonstrated that using a structured, evidence-
informed method of plant species selection, such as the one outlined in Chapter 3, can 
produce vegetative strips that provide support for multiple ecosystem services. Chapter 1 
highlighted the need for a multifunctional vegetative strip and an evidence-informed, 
repeatable method of plant species selection for strips. This study has provided such a 
method in Chapter 3, but also demonstrated in Chapters 4-7, the potential of this method 
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8-4 Limitations of the study and further research 
Some limitations to the study are recognised which provide a basis for further research. 
One key limitation was the lack of evidence discovered in Chapter 2 for plant traits that 
support surface active natural enemies for the biological control of crop pests. Whilst plant 
traits were identified for aerial natural enemies such as hoverflies and parasitoid wasps 
(e.g. Møller & Sorci, 1998; Bianchi and Wackers, 2008), no traits were found for predators 
such as Carabid beetles or predatory spiders. This was also the case in de Bello et al., 
(2010) and Perović et al. (2018), where only floral traits were identified for hoverflies and 
parasitoid wasps. Further primary research in this area could further inform the method of 
vegetative strip design and potentially enhance the support provided for this ecosystem 
service. 
The information in the plant trait database in Chapter 2 is limited to the available data on 
UK plant species traits. Whilst 68 different plant traits were discovered, just 6 could be 
used when ranking UK plant species. However, 17 of these traits related to a fibrous root 
system for water quality protection, so this overall trait for roots could be used. Further 
primary research to catalogue the presence or absence of the identified traits in UK plant 
species could further inform the developed method of vegetative strip design. In addition, 
further searches to capture new literature published since the systematic map searches 
were undertaken, could provide further evidence on plant traits that support the target 
ecosystem services. 
The community weighted mean (CWM) for plant height could be estimated due to the 
average height measurements that were made in the monthly surveys during the field 
experiment. This could be used to compare support for water quality protection against 
pesticide spray-drift. However, whilst floral cover was surveyed, a similar measure for 
floral display size could not be feasibly gathered within the restrictions of the project. To 
calculate a CWM for floral display size the average number of flowers for each plant 
species needed to be counted or estimated for each plot in each survey. This was not 
possible within the time constraints of the project whilst keeping the surveys standardised 
using one researcher. With a larger team of surveyors this could be measured and 
potentially provide further insight into the presence of this key trait in the plots.  
Whilst existing buffer strips were surveyed of ages up to 70 years, the developed 
vegetative strips that were the main focus of the study could only be monitored for the first 
three years of growth in this study. Further, long-term, landscape-scale studies of the 
designed vegetative strips, on different soil types and locations, could be extremely 
valuable to understand how these strips persist after the first 3 years, in different 
environmental conditions within the whole environment. In addition, further tests to 
understand the effects on crop yield through supporting pollination services and the 
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control of crop pests by natural enemies, and on water quality through protection against 
run-off, erosion, spray-drift and sedimentation, could help justify the cost of the seed 
mixes and management investment to land managers. Also, whilst the single-focus strip 
for water quality protection (WQVS) performed best overall in support for protection 
against run-off, erosion and spray-drift, it is not clear whether the differences between the 
WQVS and the multifunctional strips (MVS and MVSH) have a significant detrimental effect 
on water quality. They all showed similar potential for protecting against watercourse 
sedimentation and the multifunctional strip with 20% forbs and 80% grasses (MVS) even 
had more support at Harper Adams for protection against run-off and erosion. Literature 
demonstrates that the type of vegetation within a vegetative strip should not affect its 
efficiency of nitrogen removal (Mayer et al., 2007), so there could be potential for the 
multifunctional mixes to provide adequate support for water quality protection. 
8-5 Implications for policy and management 
European Common Agricultural Policy does not currently stipulate that vegetative strips, 
alongside farmland watercourses, need to be sown with anything but a standard grass 
seed mix (European Commission, 2018). However, there is need for policy to change and 
specifically encourage land managers to increase the functionality of their vegetative 
strips, to benefit agricultural production and biodiversity concurrently. The method of 
vegetative strip design developed and tested in this study is a clear, constructed method 
that could be used and continuously updated to provide evidence-informed plant species 
selections for these strips. Incentives such as those proposed in the Results Based Agri-
environment Payment Scheme (RBAPS) pilot study (Natural England, 2017), could be 
used to encourage farmers to sow multifunctional seed mixes, but also manage them 
effectively to establish the desired plant community. While the farmer receives a monetary 
incentive to increase the functionality of their vegetative strips, they could also reap the 
benefits in increased crop yields, if encouraged to manage them effectively. 
The findings from this study demonstrate the importance in considering the soil type and 
potential seed bank of a field margin prior to sowing a vegetative strip. Any history of the 
site should be gathered, such as: susceptibility to support high populations of competitive 
non-sown plant species, and the wildflowers that normally establish on the site. This can 
be investigated by farming advisors using brief surveys of the local area and other 
established vegetative strips on the farm, prior to sowing.  
Whilst this study was undertaken with UK plant species, the method of vegetative strip 
design can be applied across temperate climate zones. This study used databases of 
British species, but there is an international plant trait database (TRY) created by Kattge 
et al. (2011) which can be used to access information gathered from numerous plant trait 
databases across the world. 
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The unrelenting, exponentially increasing global human population will continue to place 
more and more pressures on agricultural production and wildlife habitats (Godfray et al., 
2010; UN Population Division, 2018). With regulating ecosystem services playing such an 
important role in agricultural production (Aizen et al., 2009; Zavaleta et al., 2010; Blitzer et 
al., 2016), a balance between support for agriculture and wildlife must be struck, 
otherwise we could continue to see huge losses in both (Kremen et al., 2002; Carvell, 
2004; Biesmeijer et al., 2006; Brown and Paxton 2009; Williams and Osborne 2009; 
Winfree et al., 2009; Garratt et al., 2013; Stanley et al., 2013; Rusch et al., 2016). 
Increasing the functionality of vegetative strips in farmland field margins could support 
improved crop yield, protect water quality and provide support for biodiversity at the same 
time. The method of vegetative strip design developed in this project is an important step 
towards evidence-informed plant species selection, and it has been proven to produce 
vegetative strips that can establish and provide support for their target ecosystem services 
within the first three years. The proposed further research could strengthen the developed 
method of vegetative strip design and further support the findings from this study. With the 
proposed further research, these multifunctional strips have the potential to be part of the 
solution to alleviate the mounting pressures on agriculture and wildlife and even enhance 
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Additional files 2-1, 2-4, 4-2, 4-3 and 7-1 are electronic databases and can be found either 
attached electronically on the online thesis or on the CD disk attached. All other additional 
files are enclosed below in chronological order. 
 
Additional file 2-2. Searches conducted to find articles published after November 
2014 
The list of databases searched by Find it @ Harper was checked and cross-referenced 
with those that were searched in original searches in November 2014.  Ethos and Web of 
Science were searched separately as they were no longer searched by this database 
searcher. 
Water quality protection 
Search string:  
(plant* AND trait*) AND (“water quality” OR (agri* AND pollut*) OR filtration OR pollut* OR 
runoff OR (water AND erosion) OR (water AND nitrate*) OR (water AND pollut*) OR 
(water AND retention) OR (water AND sediment) OR “run off” OR (pollut* AND prevent*) 
OR (water AND pesticide* AND protect*) OR (water AND phosphate*)) 
Searches: 
Web of science (all databases): 762 (10.1.17) imported, duplicates auto-removed 
(10.1.17) leaving 760 refs. 
Find it @ harper: 1515 (11.1.17), 1127 imported, duplicates auto-removed (11.1.17) 
leaving 1012 refs. Title exclusion: 22 included (12.1.17) 
EThOS: 0 (11.1.17) 
All databases: 1772, duplicates auto-removed (11.1.17) leaving 1476 refs, duplicates 
manually removed (11.1.17) leaving 1142 refs. 
Title exclusion: 36 included, 16 excluded on language, 1090 excluded on non-relevance 
(12.1.17). 
Abstract exclusion: 16 included, 20 excluded on non-relevance (17.1.17). 
 
Pollinators 
Search string:  
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(plant* AND trait*) AND (apid* OR apoidea* OR bee OR bees OR bumblebee* OR 
butterfl* OR hoverfl* OR lepidoptera* OR pollinator* OR (pollinator* AND support) OR 
syrphid*) 
Searches: 
Web of science (all databases): 935 (10.1.17), imported, duplicates auto-removed 
(10.1.17) leaving 919 refs. 
Find it @ Harper: 1819 (11.1.17), 1163 imported, duplicates auto-removed (11.1.17) 
leaving 1028 refs. 
EThOS: 0 (11.1.17) 
All databases: 1947, duplicates auto-removed (11.1.17) leaving 1519 refs, duplicates 
manually removed (11.1.17) leaving 1142 refs. 
Title exclusion: 128 included, 5 excluded on language, 1009 excluded on non-relevance 
(16.1.17). 
Abstract exclusion: 37 included, 91 excluded on non-relevance (19.1.17). 
 
Bio-control 
Search string:  
(plant* AND trait*) AND (“hoverfly larvae” OR “lady beetle*” OR “pirate bug*” OR “syrphid 
larvae” OR anthocorid OR beetle* OR (beneficial AND arthropod*) OR (beneficial AND 
insect*) OR (beneficial AND invertebrate*) OR (beneficial AND organism*) OR 
coccinellidae OR coleoptera* OR hymenoptera OR ladybird* OR ladybug* OR (natural 
AND enem*) OR spider* OR “biological control*” OR (insect* AND pest* AND control*) OR 
lacewing* OR neuroptera*) 
Searches: 
Web of science (all databases): 1492 imported (11.1.17), duplicates auto-removed 
(10.1.17) leaving 1486 refs. 
Find it @ Harper: 2154 (11.1.17), 1590 imported, duplicates auto-removed (11.1.17) 
leaving 1417 refs. 
EThOS: 0 (11.1.17) 
All databases: 2903, duplicates auto-removed (11.1.17) leaving 2368 refs, duplicates 
manually removed (11.1.17) leaving 1854 refs. 
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Title exclusion: 116 included, 6 excluded on language, 1732 excluded on non-relevance 
(17.1.17). 
Abstract exclusion: 3 included and 7 included but not relevant to bio-control, 53 excluded 
as already sorted through pollinator support section, 48 excluded on non-relevance. 
 
Additional file 2-3 Sources searched by Harper Adams University Library 
Database (‘Findit@Harper’) 
ABC CLIO 
Academy of Management 
ADIS International Limited 
Administrative Science Quarterly 
Advanstar Communications 
Alexander Street Press 
Allen Press Publishing Services 
American Bar Association 
American Association for the Advancement of Science 
American Counseling Association 
American Economic Association 
American Institute of Physics 
American Management Association International 
American Meteorological Society 
American Psychiatric Publishing 
American Psychological Association 
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American Society of Civil Engineers 
American Statistical Association 
American Theological Library Association 
Annual Reviews Inc. 
Asian Network for Scientific Information 
ACM - Association for Computing Machinery  
ACP Publishing PTY Limited 
Associated Press DBA Press Association 
B.C. Decker Inc. 
Baker & Taylor 
BASE 
Bentham Science Publishers Ltd. 
Berghahn Books 





Brill Academic Publishers 
British Library 




Business Monitor International 
Business Source Complete 
CAB Abstracts 
Cambridge University Press / Books 
Cambridge University Press / Journals 
Canadian Medical Association 
Chinese University Press 





EBSCOhost Database Subscriptions 
Edinburgh University Press 
Editions Rodopi BV 
EDP Sciences 
Elsevier journal metadata 
Emerald Group Publishing Limited 
Ethos 
Expert Reviews 




Future Science Ltd. 
Georg Thieme Verlag Stuttgart 
Greenfile 
Guilford Publications Inc. / Journals 
Guilford Publications Inc. / Books 
Harvard Business Publishing 
Harvard Law School Journals 
Haymarket Media 
Henry Stewart Publications LLP 
H.W. Wilson Company 
Hindawi Publishing Corporation 
Human Kinetics Publishers, Inc. 
ICON Group International, Inc. 




International Reading Association 
Internet Scientific Publications LLC 
IOS Press 
JSTOR 
John Benjamins Publishing Co. 
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John Wiley & Sons Ltd 




Liverpool University Press 
M.E. Sharpe Inc. / Books 







Modern Language Association 
Morningstar, Inc. 
Multi-Science Publishing Co Ltd 
MyiLibrary 
National Bureau of Economic Research 
National Communication Association 
National Library of Economics (ECONIS) 
National Library of Medicine 
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National Research Bureau 




Open Science Co. LLC 
Organisation for Economic Cooperation and Development (OECD) 
Organisation for Economic Cooperation & Development 
Oxford University Press / Books 
Oxford University Press / Journals 
Pennsylvania State University Press 
Plunkett Research, Limited 
PR Newswires Association 
Public Library of Science 
Purdue University Press 
Radcliffe Publishing 
Readex 
Reed Business Information 
Remedica Medical Education & Publishing 






Sage Publications / Books 
Sage Publications / Journals 
Science Direct 
Science Publications 
Scientific Research Publishing 
SkillSoft  
SLACK Incorporated 
Springer Science & Business Media B.V. / Books 
Springer Science & Business Media B.V. / Journals 
Statistics Canada 
Taylor & Francis Informa 
Thieme Medical Publishing Inc. 
Thomas Telford Ltd 
Thomson Reuters 
Time Inc. 
University of Alabama Press 
University of Calgary Press 
University of Illinois Press 
University of Nebraska Press 
University of North Carolina Press 
University of Pennsylvania Press 
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University of Queensland Press 
University of Toronto Press 
University of Wisconsin Press 
US News & World Report 
VSP International Science Publishers 
Web of Knowledge 
Wiley Online Library 
World Bank Publications 
World Book, Inc. 
World Scientific Publishing Company 
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Additional file 4-1. Buffer strip questionnaire 
Please answer the questions below to the best of your knowledge.   
If you have more than one buffer strip on your farm and the answers would be different for 




 Question Answers  
1 
What is the location of the buffer 
strip on your farm? 
   
2 
What kind of waterbody is it 










Pond Other:  
3 
What predominant soil type is it 
on? If it is a combination of soil 
types please circle all that are 
appropriate. 
Sand Loam Clay  
4 
What was the buffer strip sown 
with or was it left to natural 
regeneration? Please circle the 
appropriate option and provide as 
much detail of the plant species 














When was the buffer strip last 




What kind of management has 
been undertaken and when? 
(weeding, cutting, spraying etc.) 





1st to 2nd 
year 











1st to 2nd 
year 











1st to 2nd 
year 









What is the approximate width of 
the buffer strip in meters? Please 




2 - 4 
4 - 
6 








What is the approximate length of 




Any other useful observations that 
you may have? 
   
